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KEEPING IN STEP WITH SCIENCE 


CaLDWELL LeEctuRE, 1938* 


By JOSEPH McFARLAND, M.D., Sc.D. 


PHILADELPHIA, PENNSYLVANIA 


INTRODUCTION 


EDICINE is an art and a science. It 

existed as an art long before there 
was any kind of science, and the art per- 
sists though science has entered and begun 
to dominate it. It is the science of medicine 
with which we are to be chiefly concerned, 
but in order that certain matters may be 
understood, it seems necessary to recall 
a few facts relating to the art. 

To do something helpful for the ill and 
injured seems to have been one of man’s 
primitive notions and extends back into 
prehistoric times so that no one knows, or 
ever can know, how it began. Among the 
most primitive people known some belief 
in the supernatural, some fear of evil 
spirits, and some confidence in the ability 
of certain individuals to deal with them has 
already developed, and among them dis- 
ease means demoniacal possession, and its 
cure is practiced by witch doctors, medi- 
cine men and priests. The matter is magi- 
cal and mystical, and carried out through 
the performance of prescribed rituals, mag- 
ical potions and mysterious operations 
directed towards the exorcism of the de- 
mons or the appeasing of the gods. 

The practices were early crystallized 


into invariable cults performed according 
to rule, and with no reference to the final 
benefits obtained. If the patient recovered, 
it was because the magic worked; if he 
died, it was because some greater magic 
annulled and triumphed over it. 


EMPIRICISM 


In the course of time, somewhere, some- 
how, someone began to question these 
means employed, and to wonder whether 
one method might not be productive of 
better results than others, and so there was 
begun the “trial and error method” of 
medical practice that has come down to 
us under the name “empiricism.” It has 
played a great part in past medical prac- 
tice, and through it came the knowledge 
that certain substances were injurious— 
poisons,—others apparently beneficial,— 
medicines. The way to find out whether 
some suggested agent was useful, useless, 
harmless or poisonous was to administer it 
to a patient; if he recovered, it was useful 
and a medicine; if he died it was a poison. 
It was hard on the patients, but by killing 
enough of them it was possible to learn just 
how much was necessary to cause death. 
There was rarely any rationale about these 
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materia medicae; everything was tried, 
beginning with the most horrible and of- 
fensive, perhaps in the hope of disgusting 
the evil spirits who might then be supposed 
to flee from the patient’s body. 

Empiricism is not a thing of the past, 
though it should be. Every day I hear 
someone say, thought I'd try so and so”’; 
“it will dono harm to try it”; “I just gave 
him a shot of x-rays to see what they’d 
do to him.” In all of which we are com- 
pletely out of step with science. 

Nature is a great physician and has en- 
dowed our tissues with a remarkable talent 
for accommodating themselves to the exi- 
gencies of life, compensating for stress and 
strain, and repairing many sustained in- 
juries.. Most of what goes on in the recovery 
of disease is but the manifestation of this 
self-protecting and self-renewing energy. 

Most diseases will get well by themselves 
if the patient be let be, and ordinarily the 
function of the physician should be to re- 
assure the failing courage of the patient 
with the comforting information that he 
will recover and not die and to refrain from 
meddlesome interference. But if he finds 
that the disease is one whose course is 
likely to be progressive, painful or fatal, it 
becomes his duty to act accordingly and to 
benefit the patient by any or every means. 

This all seems so trite that you are prob- 
ably saying to yourselves “that is just 
what we all do.” You do not! A great many 
of you behave very differently for reasons 
that it seems impossible, at present, to 
overcome, and which continually interfere 
with the progress of medical science. Your 
patient is ill and wants something done to 
help him; you are called and will be paid for 
helping him, hence whether you know bet- 
ter or not, you will do something that you 
hope will do some good and have reason 
to believe will do no harm. The patient 
shortly recovers and you get the credit. 
You may even get something else—the er- 
roneous idea that something that you did 
assisted in his recovery, which leads you to 
try it again and again, always with the 
same apparently fortuitous result, until 
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you come to regard it more and more 
fondly, convinced of its favorable effect 
until some day you are rudely awakened 
to the fact brought out by some critic or 
competitor or through some new discovery 
that you have been doing the patient no 
good, but perhaps some unsuspected harm. 

Do you want examples of this? The value 
of cinchona or “‘Jesuits’ bark” and quinine 
derived from it, for the relief of “fever and 
ague”’ has been known since 1638, and for 
some three centuries it was increasingly 
used until it was regularly prescribed for 
every kind of fever. It was the result of 
what seemed to be sound reasoning; qui- 
nine often cured malarial fever, one of the 
most common and deadly of the fevers, 
and, therefore, should cure others as well. 
When acute fevers do not kill, they natu- 
rally subside, and the patients recover. 
More patients always recover than die. So 
when quinine was administered in yellow 
fever or typhoid fever, and the patient 
recovered, it was supposed to be on account 
of the beneficial effect of the quinine. Thus 
its use became universal until, about the 
beginning of the present century, it was 
shown to be a parasiticide, not a febrifuge, 
and to cure malaria by destroying the 
spores of the parasites in the blood, not by 
mitigating the fever. It was later shown 
that quinine delays the movements of the 
leukocytes so as to diminish the phagocytic 
action by which they assist in the recovery 
from infectious diseases. Still later it was 
found that the occurrence of fever in infec- 
tion is essential to the formation of the 
antibodies engaged in combating the dis- 
ease, and may be beneficial and desirable. 

So we now believe that the quinine that 
became a universal and popular remedy 
probably did no good, and very likely some 
harm, to millions of people during several 
hundred years. As you know, we are not 
any longer trying to keep people from hav- 
ing fever, but even inoculate some of them 
with malarial parasites or bake them in 
ovens in order that they may have fever 
and enjoy benefit from a hyperpyrexia that 
once we dreaded. 
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Blood letting may have certain uses in 
medical practice, but they must be very 
few, and no one at the present time can 
comprehend the popularity it attained in 
the eighteenth century. Otherwise capable 
medical men like Dr. Benjamin Rush were 
obsessed by it. If you have not done so, 
read his book on “The Malignant Fever 
that Occurred in Philadelphia in 1793” and 
you will marvel! 

If any other example is necessary, per- 
haps the practice of blood transfusion may 
afford it. It may not be a thoroughly satis- 
factory illustration because it was but 
rarely done but it surely serves to show 
that once a procedure has been rational- 
ized, its practice continues regardless of 
the good or evil consequences that follow 
it. Here is a patient dying from loss of 
blood following some accident or injury. If 
he had not lost blood he would be well; if 
he could be furnished with blood, he would 
be well again. Where get the necessary 
blood except from some available animal 
like a sheep? So the artery of a sheep was 
connected with the vein of the patient, and 
the blood permitted to flow in. The patient 
always died, but still it was supposed to 
be the right thing to do, until in recent 
years studies of the phenomena of immu- 
nity and the definitely circumscribed blood 
relationships among animals, with their 
agglutination and dissolution of heterolo- 
gous corpuscles, and the discovered group 
differences among humans, showed that 
only homologous blood from an individual 
belonging to the same blood group can be 
tolerated by man. This has made successful 
transfusion an every day treatment, given 
without fear of ill results, and has saved 
many lives. But if those discoveries about 
the homology and heterology of bloods had 
not been made, we should still be killing 
people with sheep’s blood! 

The tendency of the doctor to accede to 
the desire of the patient and “do some- 
thing” is laudable. It is, indeed, what the 
doctor is for, but it may lead to the most 
curious results with occasional dire conse- 
quences. 
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Can any of you remember the days be- 
fore the diphtheria bacillus and the anti- 
toxin were discovered? It was then the 
membrane that was dreaded, and the cure 
of the disease was supposed to be contin- 
gent upon the removal or destruction of 
that surface growth. It was wiped off, torn 
off, scraped off, burned off with caustics 
and even hot irons. It always formed again, 
of course, and of the few children who re- 
covered from the most violent of these 
measures, some had permanently deformed 
throats, but their parents and their doctors 
alike believed that that same treatment 
had snatched them from the jaws of death. 
How astonished they would be today to see 
the membrane completely ignored, and the 
patient shortly and completely recover 
after no other treatment than a hypoder- 
mic injection or two! 

How mere empiricism can lead to mis- 
takes and misery cannot be better shown. 
Those doctors supposed that their patients 
were benefited by theheroic attacks upon the 
membrane. They never saw good results, 
patients died anyhow, so they “did some- 
thing right or wrong and deluded them- 
selves into believing that they had helped. 

With the lapse of time medicine began 
to draw upon the sciences one by one as 
they emerged. It was often the doctor who 
became the scientist for it was more easy 
for a doctor than another to find the op- 
portunity for dissection and thereby to be- 
come an anatomist, or, seeing that he 
already had learned about many chemical 
substances, a chemist, or a physiologist, 
etc. This mingling of the biological sciences 
did not, however, establish medicine as a 
science. That was deferred for another 
century, at least, and is, in reality, only be- 
ginning now. To change from an art to a 
science is extremely difficult and therefore 
correspondingly slow. An art is based upon 
emotions and dogma, a science upon facts 
and principles. 


THE SCIENTIFIC METHOD 


Science is 
words—‘‘Knowledge 


In the Standard Dictionary, 
defined these 
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gained and verified by exact observation 
and correct thinking, especially as me- 
thodically formulated and arranged in a 
rational system.”” That is what we must 
aim to achieve and maintain to make medi- 
cine a science. We must verify everything 
by exact observation, and about the things 
we observe, we must think correctly. 

Take up almost any medical book or 
journal of more than a half century ago, 
and you will find the author saying “I have 
seen a case”’ or cases.’’ Occasional in- 
dividual isolated cases or small groups of 
cases in the experience of one man are 
treated as though in them, and in the au- 
thor’s deductions from them, there could be 
no error of observation or incorrect think- 
ing. But both errors were apt to be present. 
They were only opinions, there were no 
demonstrations. Many of us do the same 
thing today. 

The great impetus towards the develop- 
ment of a real science of medicine came as 
recently as a half century ago, when the 
experimental method of investigation be- 
gan to be introduced. Unfortunately, except 
for quite recent graduates, doctors seem 
not to understand just what the scientific 
experimental method implies. When they 
do, it sometimes excludes them from its 
practice, a humiliation that hurts the pride. 
The implications are, however, imperative, 
and without them the method would not 
be scientific, since it might not be exact. 
Here are some: 

The question subjected to investigation 

must be capable of solution. 

The investigator, by his natural talents 
and thorough training, must be ca- 
pable enough and trustworthy enough 
to carry out the investigation. 

The number of observations or of experi- 
ments performed must be sufficient to 
permit a conclusion to be arrived at. If 
the results are contradictory some- 
thing is wrong and all must be done 
over or a new method of attack de- 
vised. 

The animals and materials employed 
must be of perfect health and purity, 


and their treatment precisely uniform. 

The experiments must be conducted un- 
der conditions that prevent outside 
interference with any of the experi- 
mental materials. 

Results seeming to be discordant with 
accepted facts should be looked upon 
with suspicion until completely veri- 
fied or harmonized with them. 

Not all questions are answerable. An 
ancient philosopher is credited with having 
said, ““The pursuit of the impossible is folly, 
but the common sort cannot be prevented 
from attempting it.”” Proud and more often 
ignorant men are loath to admit that their 
talents may not qualify them for exact ob- 
servation or correct thinking. Few men 
have the patience—sometimes almost in- 
finite patience—required for the successful 
prosecution of a series of complicated ex- 
periments. In this connection one is re- 
minded of Ronald Ross’s story of how he 
discovered the mosquito cycle of the malar- 
ial parasite. “After I had carefully dis- 
sected 1,200 mosquitoes and found nothing, 
I came to the conclusion that I might be 
working with the wrong kind of mosquito.” 
Think of 1,200 failures! Who would not 
have given up under such a succession of 
disappointments? Not the true scientist 
satisfied of the direction in which the truth 
lay; he simply came to the conclusion that 
he “was working with the wrong kind of 
mosquito” and must begin again in another 
way. He was right and he made the great 
discovery ! 

Think of this example of patience, thor- 
oughness, accurate observation and correct 
thinking when you want to keep in step 
with science, and resolve to let go mysti- 
cism, empiricism, dogma and self delusion. 

You are probably beginning to wonder at 
this lengthy preamble, what it is all about, 
and how it comes to form the opening of a 
Caldwell Lecture, but before the end is 
reached that will probably explain itself. 


THE ROENTGEN RAYS 


As members of this Society, you are all 
interested in the application of the energy 
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given off by roentgen-ray tubes and radium 
to the diagnosis and cure of disease. My 
own interest is chiefly concerned with them 
insofar as they have to do with the treat- 
ment of malignant tumors. 

Few of you are old enough to remember 
the interest and enthusiasm with which 
Roentgen’s announcement of the discovery 
of the x-rays was greeted everywhere, how 
quickly confirmations came, how avidly 
the surgeons seized upon the method for 
the detection of foreign bodies in the tis- 
sues, for studying fractures and disloca- 
tions, or how the public was beguiled by 
lecture demonstrations in which the skele- 
tons of members of the audiences were 
made to appear upon fluoroscopic screens, 
or how we dropped coins into slot machines 
for the privilege of seeing the bones in our 
own living hands move one upon another. 
Such slot machines were spread along the 
Boardwalk here in Atlantic City, where 
they gave rise to much mirth. I was one 
who enjoyed the fun. 

It is melancholy to recall that the mirth 
was short-lived, for no great time elapsed 
before it was found that these penetrating 
rays possessed extraordinary damaging 
properties, and that in some cases, long 
after the exposure, the tissues, through 
which. they had passed, died and melted 
away into a slough. Men were quick to in- 
fer that use might be made of this tissue 
devitalizing effect for getting rid of tis- 
sues redundant and undesired like those 
of tumors and cancers. It was tried 
and it worked. Cancer .masses melted 
down, sometimes to be absorbed, some- 
times to slough away. Here was a new 
use for the wonderful and mysterious 
rays. 

But more time passed, and the still more 
melancholy occurrence of skin cancers 
upon the hands of a number of those who 
had made it their vocation to apply the 
rays to surgical uses showed that the rays 
were endowed with other evil properties. 
Here was an interesting paradox: the same 
means by which cancers in some people 
were being destroyed were producing it in 
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others. Great precautions are now taken to 
prevent the undesirable results. 


CANCER 


Cancer is a dreadful disease that has ex- 
asperated medical men for centuries. It has 
been treated conservatively without bene- 
fit, has been cut out, burned out with hot 
irons and caustics in vain. More and more 
radical operations were devised by the sur- 
geons, who in desperation of doing any- 
thing to benefit late cases, agreed that the 
only means that held out much hope of 
benefit was to get the patient early. Hence 
the slogan “Come early if you want to be 
cured.” 

It appears self evident that the smaller 
the cancerous lesion is, the easier it ought 
to be to eradicate. Cases of very small ac- 
cessible and well circumscribed tumors can 
be excised without difficulty; large invasive 
tumors only after elaborate dissection and 
the sacrifice of much tissue, often leaving 
large wounds sl6wly to cicatrize. Further- 
more, the patients operated on for the 
small tumors seem to live longer than the 
others, when the disease recurs later. 

About this same time the treatment by 
roentgen rays was begun. A treatment that 
required no unpleasant anesthetic, elimi- 
nated the horrors of a surgical operation, 
enabled the patient to escape the tedium 
and expense of hospitalization, and in 
which there would be no wounds to dress 
and no deformity or disfigurement to fol- 
low, immediately attained and has retained 
enormous popularity. Moreover, in many 
cases the results were glittering and soon 
the statement “Cancer is Curable’’ ap- 
peared in medical books and journals, mag- 
azines and newspapers, and was shouted 
from lecture platforms all over the country. 
Both of these slogans embody truth, and 
are favorably regarded by our profession, 
but neither is quite in step with science. 


CANCER IS CURABLE 


“Cancer is curable.”” What does that 
mean? What exactly is meant by “cancer”? 


Is the word as employed in this context 
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synonymous with “malignant tumor?” If 
so, the statement is not true for there are 
many malignant tumors—osteogenic sar- 
comas, fibrosarcomas, spongioblastomas— 
that are definitely not curable by any treat- 
ment known. If the word is used as synony- 
mous with those malignant epithelial 
tumors otherwise spoken of as carcinomas, 
it is still untrue for it is well known that 
many of them,—of the stomach, of the 
breast, of the rectum, of the prostate— 
though excision or irradiation may bring 
about retardations in their growth, are 
eventually fatal. How can anyone believe 
that “cancer is curable” in the face of the 
fact that in spite of all of the methods by 
which it is being more and more energeti- 
cally attacked, its incidence and its mortal- 
ity as shown by total statistics are increas- 
ing every year? 

But perhaps greater difficulty lies in the 
usage of the other word. What exactly is 
meant by curable? 

In the Standard Dictionary one learns 
that “cure” means “A restoration to a 
sound or healthy condition, as from illness 
or injury; the complete removal of disease, 
unsoundness or fault” . . . I beg you to ob- 
serve, particularly, the phrase “the com- 
plete removal of disease,” for that is 
exactly what I believe everybody should 
have in mind when the word “‘cure’’ is used. 
Unfortunately, through ignorance, care- 
lessness, accident or design the usage of 
the word has been perverted to mean 
“benefited” or “improved” or “‘retarded,” 
and one finds himself strangely confused 
at the published statistics in which the re- 
sults of treated cancer cases appear under 
the captions of “three-year cures,” “‘five- 
year cures,” “ten-year cures,’’ etc. Upon ex- 
amination this is found to mean no more 
than that following treatment of some kind 
the patients had been free from discover- 
able manifestations of the disease for three, 
five, and ten years respectively. That is a 
long way from “‘the complete removal of dis- 
ease,’ as is shown by the fact that in the 
majority of cases compiled and thus clas- 
sified, the disease reappeared at the end of 


the interval mentioned, and that the pa- 
tients usually died. 

Some apologists there are, mostly, I fear, 
with an inadequate understanding of pa- 
thology, who would explain this melancholy 
disappointment by assuming that the origi- 
nal tumor had been “‘cured”’ in the sense of 
“complete removal,” but that an entirely 
new and independent tumor arose in after 
years. 

The hypothesis might merit some con- 
sideration were the supposed new tumor to 
be of some fundamentally different kind or 
appear in some new and unexpected place, 
but the new growths always occur near 
where the original tumor was, or in accord- 
ance with its known method of distribu- 
tion. Another argument supposed to sup- 
port the hypothesis of “‘new tumor’”’ is the 
assumption that tumor cells could not pos- 
sibly survive in normal tissues for so many 
years without showing themselves. Upon 
the matter of cell survival of this kind we 
have little information, except that it can 
and does occur. Every experienced patholo- 
gist knows of cases in which cancer of the 
breast has been followed by the appearance 
of metastases in the bones many years after 
the patient had been declared “‘cured.” 

Not long ago a woman came to the Phila- 
delphia General Hospital complaining of 
severe pain in the back—“lumbago.” Her 
history showed that she had been cured of 
cancer by a radical amputation of the 
breast performed seventeen years before. 
Physical examination showed that the 
wound had perfectly healed and that there 
was no sign of recurrence on the chest or in 
the axilla; but the roentgen examination 
showed carcinomatous destruction of a 
vertebra to be the cause of the pain. This 
is but one of a number of similar cases that 
have come under our observation. Every 
experienced surgeon, roentgenologist and 
pathologist has seen cases in which many 
years have intervened between the removal 
of a malignant melanoma, and the death of 
the patient from multiple metastatic 
tumors. 

We see, therefore, that the complete dis- 


appearance of clinical manifestations is no 
guarantee of the “‘cure of a tumor,” for its 
undiscovered and undiscoverable cells may 
lurk in the immediate neighborhood of its 
original site, or in remote tissues to which 
they had wandered or been transported be- 
fore the primary tumor was removed. 

If you ask why the tumor cells grow 
regularly and continuously in most cases 
and in only a few cases remain inactive for 
periods varying up to twenty years, I can 
give you no Satisfactory answer, for that 
may be a fundamental but unsolved cancer 
problem. We have an ever increasing fund 
of information concerning certain factors 
whose effect is to stimulate cells to rapid 
and excessive growth, but we know very 
little regarding the somatic conditions and 
variations that prevent, permit, inhibit or 
accelerate the growth of the disturbed cells. 


““COME EARLY TO BE CURED” 


The second dictum is “Come early to 
be cured.”’ Large tumors with widespread 
metastases are so little benefited by any 
kind of treatment that many physicians 
now refuse to treat them. 

Instead, they make every endeavor to 
get the cases to come early and then to 
treat them radically. There is no reason to 
suppose that the principle is erroneous or 
that its practice may not have been of ben- 
efit, but after a decade of earnest propa- 
ganda in which the whole profession wil- 
lingly united and in which patients did 
come earlier than before, there has been no 
substantial diminution either in general 
cancer incidence or mortality—indeed the 
reverse seems to be true. 

The “come early” recommendation, 
sometimes leads to surprises and perplexi- 
ties: the patient may come too early. How 
does the beginning of a malignant tumor 
appear? Is a malignant tumor recognizable 
as such or does it sometimes develop in 
some long standing defect supposed to be 
benign? Melanomas afford excellent ex- 
amples of this, for the cellular pigmented 
and unpigmented nevi are extremely com- 
mon cutaneous lesions and are almost al- 
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ways benign. Once in some millions of cases 
one of them unexpectedly grows rapidly, 
distributes itself widely and kills the pa- 
tient. It seems as though any pigmented or 
non-pigmented nevus may thus misbehave. 
It is commonly and correctly stated that 
the “dark blue-black” moles are most 
prone to malignancy, but that the pale and 
even colorless ones may do so is proven by 
the not infrequent occurrence of the mel- 
anoma sine melanin. 

Under the circumstances what is to be 
done for the patient who comes early? Ex- 
cise every such lesion on the ground that it 
is potentially malignant—even if there be 
a dozen or two on the skin of the anxious 
patient? Roentgen rays and radium do no 
good and may be dangerous! But suppose 
that we are sincere in our purpose and have 
sufficient courage in our convictions to ex- 
cise every such lesion, can we assert that we 
are preventing the occurrence of malignant 
tumors when their occurrence is so ex- 
tremely rare and we have no idea how 
many or which might have become malig- 
nant? Are we preventing cancer? 

A most serious perplexity is presented by 
the “lump” in the breast. A woman has 
read, and has been told by lecturers at her 
club, that she should make frequent exami- 
nations of her breasts to feel whether any 
lumps are there. She does so and finds one, 
or perhaps two, and remembering the ad- 
monition to consult her doctor at once, has 
come, in terror because of the possibility of 
having cancer, being mutilated by opera- 
tion, brought into chronic invalidism and 
confronted by a slow and horrible death. 
These anxieties she confides to her doctor, 
who makes an examination and indeed 
finds two small, vague, not very hard, 
painless “lumps.” What are they? What 
shall he do? 

With any vague lump in the breast of a 
sexually mature woman the probability of 
cancer is about 50 per cent. With several 
lumps the probability diminishes, we will 
suppose by 25 per cent. Other factors may 
present themselves and reduce it to 15 or 
even Io per cent, but there is that inevi- 
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table probability of cancer. Shall we pro- 
ceed to make a correct diagnosis, or shall 
we say that having come early she shall 
reap the benefit, be treated, and we hope, 
cured? Cured of what? If we proceed to 
treat the case as cancer, and it disappears 
not to recur, have we cured cancer, seeing 
that we did not know whether it was can- 
cer or not? This is done every day and 
prevention or cure claimed. 

Another patient appears with a papular, 
scaly, slightly ulcerated lesion upon the 
nose. It is little larger than a half pea, has 
been there only a month, but it may be an 
early carcinoma that will later destroy the 
whole nose if neglected. If it disappears 
under roentgen or radium treatments has 
the occurrence of a cancer been prevented 
or has a cancer been cured? 

It is difficult to believe that anyone could 
object to these lesions being treated as can- 
cer, and there is a probability that the 
patients might be really cured. We only 
get out of step with science when we begin 
to draw conclusions from the results at- 
tained, and introduce them into statistics. 
It is impossible to say of any of the cases 
that cancer was prevented, for it is not 
known that it would ever have occurred; it 
is equally impossible to say that a cancer 
was cured, because it is not certain that 
any of the lesions was cancer. 


BIOPSIES 


There is, fortunately, a means by which 
many of these perplexities may be over- 
come,—the diopsy. 

Many consider a biopsy to be of primary 
and fundamental importance, to be per- 
formed in every case for making the diagno- 
sis when vague, or confirming it if evident. 
Others look upon it as a court of last resort 
for doubtful cases only. Some operators un- 
hesitatingly cut into any tumor tissue as- 
serting that it can do no harm, others hesi- 
tate to inflict the slightest injury upon the 
tissue of any tumor, believing that to do so 
“stirs things up,” provokes rapid growth 
and invasion and facilitates metastasis. 
We have no proofs of either. It is good sci- 


ence to know what one is going to do before 
he begins, and we ordinarily approve the 
taking of biopsies for the purpose of per- 
fecting the diagnosis. We also believe that 
biopsy diagnosis is essential for statistical 
computation of “cures.” There are many 
cases in which the diagnosis of the tumor 
is so obvious as to require no biopsy; there 
are others in which correct diagnosis is im- 
possible without it. Unfortunately there 
are still others in which the result of the 
biopsy examination is no more certain than 
the clinical examination. But they should 
be made in all. 

There are various methods of obtaining 
the biopsy material: the knife, the punch 
and the needle. With punch and needle ma- 
terial I have had little and mostly unsatis- 
factory experience. I prefer a good sized 
piece carefully excised. 

Too great confidence must not be be- 
stowed upon the biopsy reports. They may 
be misleading. Choice of the material is of 
fundamental importance. 

1. The material removed for biopsy ex- 
amination should consist predominantly of 
the supposed tumor tissue and the re- 
mainder of tissue beyond and below its con- 
fines and the fragment should be large 
enough to be manipulated satisfactorily. 
When the lesion is small, therefore, the 
whole thing may as well be removed at 
once. 

2. The tissue removed should be so 
shaped or so marked that its relations to 
the surrounding tissues may easily be de- 
termined. 

3. Though excellent frozen sections are 
now made, and undoubtedly have their 
useful place in the clinic, they should not 
be relied upon in cases where the histologi- 
cal pictures are complex as in hy perplastic 
cystic disease of the breast (chronic cystic 
mastitis). The final diagnosis in such cases 
should always be made from sections pre- 
pared by the standard fixation, infiltration 
and staining methods. 

4. Students are taught and quickly learn 
to identify microscopic sections of typical 
and commonplace tumors, but it requires 
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study under a competent master and long 
experience to make one familiar with the 
rare, complex or indefinite ones. The value 
of any biopsy is always in proportion to 
the quality and preparation of the material 
and the efficiency of the pathologist. 

But no matter how carefully all of these 
matters are observed, there will always be 
mistakes because there will always be cases 
in which the appearances are ambiguous as 
in the epithelial hyperplasias at the mar- 
gins of inflammatory and traumatic lesions, 
and in hyperplastic cystic disease of the 
breast. 

If we are to keep in step with science, we 
must constantly struggle to make our work 
accurate and to do so, it is imperative that 
we know what we are going to treat before 
we begin to treat it, and what good we have 
achieved after we have finished. 


NATURAL COURSE OF CANCER 
NOT KNOWN 

The natural history of cancer is but little 
known. Its duration varies remarkably in 
different individuals. Astonishingly rapid 
cases of breast cancer sometimes invade the 
entire organ, fill the axilla, lymph nodes 
and lungs with secondaries and destroy 
life in from eighteen to twenty-four months 
in spite of everything that can be done; 
equally astonishingly chronic cases may 
do no more than slowly transform the 
breast into a hard shrunken mass after as 
many as fifteen or twenty years, during 
which time nothing at all has been done. 
Less than a year ago there came to the 
Radiological Clinic of the Philadelphia 
General Hospital, a woman both of whose 
breasts had become transformed into hard 
masses of cancer tissue, with all of those 
unmistakable clinical signs by which can- 
cer was recognized by our forefathers—hard 
painless lumps, retracted nipples, immobi- 
lized organs, “pig skin.’’ She had watched 
the disease slowly advance for eight years, 
but as she had never “been bothered by it”’ 
she had not thought it worth while to ask 
for any treatment. 

Once, before the days of the roentgen 
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ray, I saw a basal cell carcinoma of the skin 
(clinical diagnosis only) on the temple of 
an old man aged eighty-three. He had con- 
sulted many doctors, all of whom told him 
that it was a skin cancer and would kill 
him unless it was operatively removed, but 
for thirty years he had watched it slowly 
enlarge to a diameter of 5 cm., without 
doing anything about it, and I scarcely 
thought it worth while to disturb him at 
eighty-three years of age. 

Cancer is rarely permitted to run its own 
course. As soon as he or she suspects the 
nature of the malady, the patient is ter- 
rified and insists that something be done 
about it; the physician wants to do some- 
thing, and so from the days of Hippocrates 
to the present time, almost every visible or 
attainable cancer has been treated with 
poultices, compresses, caustics, cauteries, 
knives, chemical agents, light rays, roent- 
gen rays or radium. 

Under such circumstances it is inevitable 
that we have lost*the standard of compari- 
son. We do not know the natural course of 
the disease, and so we are not able ac- 
curately to measure the results of our treat- 
ments. We can make no comparison with 
what would have happened naturally. 

Let no one interpret these remarks to 
mean that no good has been or is being ac- 
complished. Patients receive great benefit 
from your ministrations; the question is 
how much and from what methods? 


STANDARDS OF COMPARISON 


With these uncertainties in mind, it is 
evident that no one is in a position to settle 
such questions as whether cancer of the 
breast is best treated by simple surgical 
operation, by operation preceded by irradi- 
ation, by operation followed by irradiation, 
by operation both preceded and followed 
by irradiation, or by irradiation alone. Be- 
fore we can get into step with science, some 
standard of comparison will have to be 
established. Some standard that remains 
unaltered in the midst of all the bewilder- 
ing changes that the treatment of cancer is 
constantly undergoing. 
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And, it is equally important to establish 
certain standards of treatment extend- 
ing over long periods of time and upon 
large numbers of cases, before changing for 
equal periods and numbers to other meth- 
ods. By comparing the average results of 
the one series with those of the other, it 
ought to be possible to arrive at reasonably 
accurate observations. 

This is made difficult by the unfortunate 
fact that no two cancer cases seem to be 
exactly alike. Nor are cancer treatments 
exactly alike, for as new data and new 
apparatus continually appear there are 
such frequent modifications as result from 
better tubes of deeper penetrating power, 
readjustments of filters, varying distances 
of exposure, varying lengths of exposure, 
varying frequencies of exposure and so on 
until the treatments of today with both 
roentgen rays and radium are scarcely 
comparable with those of a year or two ago. 


THE FOLLOW-UP 


One of our greatest inadequacies, and 
one in which we are totally out of step with 
science, is the determination of the benefit 
of treatment through the “follow-up” or 
complete subsequent history of treated and 
untreated patients. It may be true that 
with no adequate knowledge of the natural 
history of cancer, accurate estimate of the 
benefits conferred by treatment may not 
be obtainable. But supposing, as we all do, 
that benefits are conferred, it should make 
it possible to compare one method of treat- 
ment with another when and if a sufficient 
number of cases had been followed ¢o the 
end. 

The follow-up is now a regular practice 
of many clinics, hospitals and private of- 
fices. This is highly laudable, but unfortu- 
nately inadequate, and satisfactory scien- 
tific follow-up has not been achieved. Not 
all of those who treat patients are equally 
interested in the follow-up or financially 
able or willing to carry it out; not all pa- 
tients are willing to be followed-up and to 
continue in touch with the office. Some 
physicians even object to the “follow-up,” 
saying that their patients may be unduly 
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alarmed to find themselves the subject of 
such solicitous care; may learn through the 
follow-up that they have or have had can- 
cer which they ought not to know; may be 
made to think themselves ill when well, or 
may suspect the doctor of desiring to ob- 
tain financial gain through a renewal of 
treatments. 

It, therefore, is apt to resolve itself into 
a means by which some individual inter- 
ested in some particular phase of the dis- 
ease keeps himself in touch with as many of 
his patients as will answer his question- 
naires or give their new addresses as they 
move about, others being neglected. 

Nothing but fragmentary knowledge can 
accrue from such individual effort, and that 
may but lead to error and confusion. 

It is as important to follow-up the cases 
that refuse treatment as those that accept 
it. By that means we may become better 
informed concerning what happens to the 
untreated cases and how long they last, 
thus accumulating the information that 
would help to make possible the establish- 
ment of a true standard by which to meas- 
ure the advantages of treatment. 

I never, however, heard of any one who 
paid the slightest attention to cases refus- 
ing treatment. 

During the five years that the Central 
Bureau for the Study of Tumors was con- 
ducted in Philadelphia, painstaking efforts 
were made, by correspondence and visita- 
tion, to follow-up every patient operated 
upon for a tumor. When the number of 
cases exceeded 5,000, the magnitude of 
the undertaking exhausted the diminishing 
financial resources of the Bureau, which 
had to close as the “‘depression”’ wiped out 
its contributors. But among those cases 
were some that had been treated by vari- 
ous methods, in as many as five institu- 
tions, from several of which they had been 
discharged “cured,” and who probably 
appear in numerous statistical compila- 
tions as cured, though they were still suf- 
fering from the disease and are now prob- 
ably dead of it. 

Such inattention to the fate of our pa- 
tients is entirely out of step with science, 
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which demands accurate information and 
commands that it somehow be obtained. 
Centralization of effort seems to be the 
only means of successful follow-up, and 
that can only be managed by some Bureau 
maintained for the purpose in every city or 
state. 


DOING THE PATIENT HARM 


An extremely delicate matter, and one 
that must be presented in fear and trem- 
bling, has to do with the possibility that 
those treatments by which we hope to ben- 
efit our patients may occasionally do them 
more harm than good. 

Do not think only of those sloughs of tis- 
sue that constitute the roentgen burns. 
They but rarely occur today. There is 
something else to be seriously considered. 
Frequently repeated mild roentgen ex- 
posures sometimes cause the development 
of cancers where none were before,—as wit- 
ness the tragic cases of a number of the 
early operators and investigators! 

Skin cancers are undoubtedly those most 
amenable to roentgen treatments, and in 
most cases judicious exposures are fol- 
lowed by retardation of growth and subse- 
quent cicatrization until the clinical mani- 
festations entirely disappear and the pa- 
tient is said to be, and probably sometimes 
is, cured. But a few cases submitted to the 
same treatment show no improvement 
and in spite of it advance rapidly and de- 
structively. Is it not possible that, in these 
patients, although the tumor cells are be- 
ing destroyed as ordinarily, new tumor 
cells are constantly being recruited to con- 
stitute ever new tumor tissue at the periph- 
ery of the lesion? Heavier treatments do 
not stop this progress; is cancer being 
caused as fast as cured? In these cases the 
roentgen rays ought to be abandoned and 
some other method of treatment—surgical 
excision, cauterization, caustic application 
substituted. 


SUBSTANCES DETERMINING 
CELL GROWTH 


This renews interest in the question of 
tumor growth. Why do some cancers pro- 
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gress so slowly and others so rapidly? The 
difference has usually been attributed to 
variations in the histological structure of 
the tumor, and great lengths of time and 
effort have been spent in classifying the 
malignant tumors into many histological 
varieties and the varieties into grades. This 
has been attended by a limited amount of 
validity, but on the whole it is disappoint- 
ing. Perhaps it is not the kind of cells or 
the arrangement of those cells in the tumor 
that determines its malignant behavior, 
but, as was once before suggested, some- 
thing to be found, apart from the cells, in 
the chemical composition of the tissue 
juices that nourish them, and retard or 
accelerate their growth. Such a substance 
might pervade the whole organism, or be 
local only. It ought to be looked for! 

Consider the remarkable inactivity of 
those metastatic cells of the melanomas 
and of the carcinomas to which attention 
was called; cells that remained dormant in 
the tissues sofnetimes as long as twenty 
years before showing their presence! Can 
that be explained except upon the assump- 
tion that something needed to maintain 
cell life is always present keeping the cells 
alive, while it, or something else fluctuates 
from time to time exciting the cells to mul- 
tiply rapidly when present in excess or re- 
straining them when deficient? 


STUDY OF THE PATIENTS THEMSELVES 


How important it would seem to be to 
study the patients themselves for such local 
and constitutional chemico-physiological 
peculiarities as may have to do both with 
the primary occurrence of the cancer and 
with the success or failure of its treatment. 

If anyone says that has already been 
done, he is probably thinking of the hydro- 
gen ion concentration, the blood calcium, 
the blood sugar, the blood urea-nitrogen, 
etc., with which the laboratories are ever 
busy, but which show no constant or con- 
siderable variations in cancer cases. I mean 
something that may be entirely new and 
different, but the nature of which I have 
no idea. But it seems to me that the way 
to approach it must be to set aside two 
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particular groups of cases for study; those 
in whose bodies cancers progress very 
rapidly and destructively and those whose 
tumors grow very slowly and unobtru- 
sively. 


CONCLUSION 


It has long been the custom in our pro- 
fession upon occasions like this to exalt 
ourselves, pat ourselves and one another 
on the back, and parade our achievements. 
It might be done tonight, and with justi- 
fication, for great, indeed, have been your 
accomplishments. But I have, at the risk 
of losing popularity, taken the opposite 
position and pointed out our defects and 
deficiencies in that very field in which your 
triumph is greatest, the Cure of Cancer. 
Unfortunately it is in that same field that 
we are in the most amazing ignorance! Do 
you realize: 

That we do not know either the cause or 

the course of cancer? 

That we claim to cure cancer but only 
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in some equivocal sense of the word, 
and have no idea how many are cured 
in the dictionary meaning of the word 
cured? 

That many of the cases we cure, later 
turn up with disease recurrence in 
other clinics? 

That we pursue our treatments in much 
the same way whether the patient 
improves or not? 

That the results of treatment are much 
the same regardless of the nature of 
the treatment? 

That the total results of all treatments 
have not improved either the incidence 
or the mortality of cancer which have 
steadily increased for years? 

I could provide ample apologies for all 
these deficiencies, but I doubt their present 
validity. We are out of step with science 
and we want to get in. The only way to do 
it will be to attend strictly to the funda- 
mentals—Exact observation, correct think- 
ing, painstaking experimenting. 
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DISEASES OF THE HYPOPHARYNGEAL REGION 
PRODUCING DYSPHAGIA 


A ROENTGENOLOGICAL CONSIDERATION* 


By E. H. SHANNON, M.B., F.F.R. (Lond.), D.Rap., Department of Radiol- 
ogy, and A, H. VEITCH, M.D., Department of Otolaryngology, 
St. Michael’s Hospital 
TORONTO, ONTARIO 


OENTGENOLOGICAL methods have 

gradually assumed a fairly well-defined 
status in the amplification of the clinical in- 
vestigation of the pharynx, hypopharynx, 
and Jarynx. This discussion is intended to 
afford a general outline of the roentgeno- 
graphic investigation of the structures con- 
cerned in and the diseases which may 
produce so-called “‘upper’’ dysphagia. The 
physiological movements which occur dur- 
ing phonation and deglutition are de- 
scribed, and while the scope of the subject 
prohibits an adequately detailed considera- 
tion, it is felt that the field of investigation 
is one in which interest might well be 
stimulated. The clinical examination of 
the region of the hypopharynx leaves much 
to be desired even when the direct method 
is employed, while the importance of roent- 
genological methods, which should afford 
valuable supplementary information, has 
been minimized in the past. 


ANATOMICAL CONSIDERATIONS 


An excellent opportunity for study of the 
structures of the pharynx, hypopharynx 
and larynx is afforded by reason of their 
easy visualization in lateral roentgeno- 
grams of the neck, due to the highlights 
provided by the air passages and, in adult 
persons, to ossification occurring within 
the cartilages of the larynx (Fig. 1). 
From above downwards such films will 
show the postnasal space, the posterior 
pharyngeal wall, and any adenoid tissue 
which it may harbor; anteriorly, the base 
of the tongue; at a lower level, the hyoid 
bone, and inferiorly and anteriorly, the 
thyroid and cricoid cartilages. The laryn- 
geal cartilages contain various amounts 


of calcium, or, more accurately, exhibit 
various degrees of ossification,’ depending 
on the sex and age of the patient®* and 
on other metabolic factors, and with a 
distribution which may be uniform or focal 
in character. The tendency to ossification 
of the laryngeal cartilages is a matter of 
some importance from the standpoint of 
the differential diagnosis of foreign bodies, 
and will be discussed later. The arytenoid 
eminences are always visible in the normal, 
and superiorly the epiglottis can be seen. 
The soft shadows of the aryepiglottic folds 
can be outlined, and inferiorly the laryn- 
geal ventricle can be visualized as a some- 
what cigar-shaped structure. The true and 
false vocal cords can be demonstrated, 
when the larynx is at rest, as sharp, slightly 
curved linear shadows. Posteriorly the ver- 
tebral bodies and prevertebral soft tissues 
show a zone of moderate density which, 
when the larynx is at rest, varies from 
about 3 to 4 mm. in thickness, in the upper 
part of the hypopharynx, to about 15 
mm. in the postcricoid region. Passavant’s 
ridge has not been identified in any of the 
cases of our series. In addition to the parts 
mentioned, all of which are visible in the 
plain roentgenogram, certain other struc- 
tures can be seen by use of an opaque 
medium. The vallecular spaces may be 
visualized in films made immediately after 
swallowing of a barium bolus by the pa- 
tient, appearing as two small ovoid pockets 
at the level of the hyoid bone. The presence 
of an abnormal amount of barium remain- 
ing for an unduly long time in the vallecu- 
lar spaces after swallowing is a pathological 
finding of importance and constitutes one 
of the advantages of the use of barium in 


* Read before the Section on Otolaryngology, Canadian Medical Association, June, 1937. 
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Fic. 1. 4, normal larynx of young adult female. Note the blimp-shaped ventricle (a) bounded above by 
the ventricular bands, below by the true vocal cords; (4) epiglottis; (c) hyoid bone. Note its position with 
reference to the mandible in the position of rest; (d) arytenoid eminences; (¢) aryepiglottic folds; (f) cri- 
coid cartilage; (g) posterior wall of upper end of trachea; (4) “post-cricoid”’ soft tissues; (7) prevertebral 
soft tissue of pharynx and hypopharynx; (/) post-nasal space; (&) dorsal aspect of base of tongue; (/) soft 


palate. 


B, normal larynx in same patient. The intrapharyngeal pressure has been raised by the “‘inflation”’ 
procedure. The hypopharynx is wide open and has been deepened by one and a half vertebral bodies, 
and the party wall is clearly visualized. The anterior end of the laryngeal ventricle has been tipped up- 


wards. 


the examination of the pharynx and hypo- 
pharynx. The finding will be mentioned 
later under vallecular dysphagia. 


PHYSIOLOGY 


Various theories have been advanced 
as to the physiological mechanism which 


initiates and carries through the act of 


swallowing. The roentgenologist, who has 
witnessed the process of deglutition on 
countless occasions during the administra- 
tion of the barium meal, is inclined to 
disregard the theory of gravity as it is 
applied to the initial part of the act. The 
same may be said of the theory of negative 


suction. In a patient who has no mental 
inhibitions, and whose physiological mech- 
anism is functioning normally, the act is 
accomplished so quickly that anything 
other than a rapid muscular action seems 
purely hypothetical. 


PHYSIOLOGICAL MOVEMENTS OF 
THE PHARYNX AND LARYNX 


(a) Phonation. The normal movements 
of the pharynx and larynx which lend 
themselves most readily to study are those 
accompanying phonation and deglutition. 
During phonation of high pitched sounds, 
certain changes constantly occur and are 
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identifiable. The larynx is slightly elevated, 
with resulting elongation of the cervical 
esophagus and narrowing of the interary- 
tenoid area, though such narrowing of 
itself is not demonstrable roentgenologi- 
cally. The laryngeal ventricle becomes more 
shallow from above downward and slightly 
longer from before backward. Definition 
of the vocal cords and ventricular bands 
remains sharp and clear-cut. Changes from 
the normal during phonation may be dem- 
onstrated in the larynx in patients present- 
ing themselves for examination for the 
determination of the cause of dysphagia 
and may provide valuable supplementary 
information in addition to that obtained 
by roentgenography of the parts at rest 
and during deglutition. This is particularly 
true in the case of tuberculosis of the lar- 
ynx, and under that head the roentgeno- 
graphic findings will be subsequently dis- 
cussed. 

(b) Deglutition. In the position of rest 
(Fig. 14) the pharyngeal air shadow is 
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broad and the hyoid bone lies well below 
the inferior border of the mandible. The 
postcricoid region, measured most readily 
from the anterior aspect of the vertebral 
bodies to the posterior wall of the upper 
end of the trachea since the cricoid is not 
always visible, is approximately 15 mm. 
in thickness. The distance from the laryn- 
geal ventricle to the inferior aspect of the 
cornua of the hyoid is variable but ap- 
proximates 3 cm. The epiglottis is tipped 
slightly forward. 

As swallowing is begun (Fig. 24) the 
air shadow of the pharynx is decreased 
markedly, the tongue moves upward and 
backward, and the raising of the hyoid 
and the structures of the larynx begins. 
There is little or no appreciable increase 
in the thickness of the posterior pharyn- 
geal wall or postcricoidal soft tissues. The 
epigiottis tilts slightly backwards, and its 
posterior surface forms a smoothly curved 
upper anterior boundary of the hypopha- 
ryngeal space. The pyriform sinuses are 


Fic. 2. 4, normal; deglutition has been initiated. The larynx has been slightly raised, the ventricle partially 
obliterated and the air space above the ventricle and anterior to the aryepiglottic folds is decreased by 
approximation of the arytenoid eminences to the base of the epiglottis. The epiglottis is directed back- 
wards and upwards. B, film made at the height of deglutition of a nonopaque fluid. Note elevation of 


hyoid and decrease in the distance between upper end of trachea and hyoid bone 


elevation of the larynx. 


The pharyngeal air space is lost and the ventricle has quite disappeared. 
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Fic. 3. 4, normal subject. A barium bolus occupies the oropharynx, and has reached and filled the vallecular 
spaces. The hyoid is elevated, and the air space lying anterior to the aryepiglottic folds and above the false 
vocal cords is partially obliterated, showing as a narrow crescentic shadow. The laryngeal ventricle has 
been obliterated. B, normal filling of hypopharynx and upper end of esophagus. The larynx has been 
raised fully, the hyoid lies behind the shadow of the mandible, the laryngeal ventricle and the air space 
above the ventricle have been blocked off, the arytenoid eminences having been brought into contact 
with the dorsal aspect of the epiglottis, which of course is not visible in the view shown, which was made 
at the height of the muscular action accompanying deglutition. 


deepened and made narrower from before 
backward. The arytenoid eminences are 
directed toward the tips of the hyoid horns, 
the aryepiglottic fold passing backward 
and upward from below. The air space 
anterior to the aryepiglottic folds is par- 
tially obliterated. The shadow of the laryn- 
geal ventricle becomes smaller. At the 
height of laryngeal movement (Fig. 28) 
the pharyngeal air space is lost, the hyoid 
lies about at the level of the inferior border 
of the mandible, its horns directed almost 
horizontally. The postcricoid and retrotra- 
cheo-esophageal regions are slightly thick- 
ened from before backward, due, in part 
at least, to the passage of air or food into 
the esophagus. The epiglottis is usually 


directed upwards and backwards and the 
air space above the ventricle and in front 
of the aryepiglottic folds is obliterated by 
the approximation of the arytenoid emi- 
nences to the posterior aspect of the epiglot- 
tis, blocking off the larynx. In addition, the 
larynx itself is raised, the distance of the 
ventricle, below the cornua of the hyoid, 
being markedly decreased as compared 
with its position when at rest. 

The use of opaque media enables one 
to observe the effect on a bolus of the 
muscular action described (Figs. 34 and 
3B). The barium bolus is propelled from 
the dorsal aspect of the tongue into the 
pharyngeal space, this action being syn- 
chronous with the contraction of the mus- 
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culature of the floor of the mouth, and 
raising of the tongue upwards and back- 
wards. The larynx is elevated slightly and 
the bolus is allowed to pass over the epi- 
glottis and spill over into the valleculae. 
The ventricular space and pyriform sinuses 
remain partly open. Further muscular ac- 
tion, however, results in greater elevation 
of the hyoid, obliteration of the air space 
above the ventricle as well as of the ven- 
tricular space, with entrance of the ingesta 
into the esophagus. 

After entering the normal esophagus, 
the rate of travel of a given bolus through 
that structure depends on the momentum 
with which it entered, which in turn de- 
pends largely on the muscular action be- 
hind it and on the degree of obstruction 
which it encounters. Pronounced esophag- 
eal peristalsis is seen most frequently in 
long standing benign obstructions of mod- 
erate degree. Many waves are usually vis- 
ible, rather small and irregular in depth 
and spacing. As in the case of the stomach, 
however, almost complete obstruction usu- 
ally results in considerable degrees of dila- 
tation, with thinning and inefficiency of 
the esophageal musculature. In such in- 
stances peristalsis or hyperperistalsis will 
be seen only at times and will ultimately 
fail completely to occur. 

The possible existence or production of a 
negative pressure in the pharynx which 
exerts a downward pull on a bolus cannot 
be denied, yet it is apparent that either 
the pull exerted is slight or exists only in 
the pharynx or hypopharynx. When a 
patient is examined roentgenoscopically, 
whose esophagus exhibits a slight spasm 
or benign organic stricture sufficient to 
uphold a column of barium to the level, 
let us say, of the aortic arch, an oppor- 
tunity is offered of studying the effect of 
changes in esophageal pressure. By placing 
the patient in an oblique posture the effect 
of gravity is rendered negligible, so that 
any negative pressure produced in the 
pharynx and exerted in the cervical esopha- 
gus might be expected to exert an upward 
or cephalad movement on the barium col- 
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umn already present in the esophagus as 
the entering bolus reaches its upper level. 
Yet no movement can be observed. 

The act of swallowing appears to be 
accomplished by contraction of the mus- 
culature of the pharynx and floor of the 
mouth and tongue forcing the bolus along 
by markedly increasing the pressure be- 
hind it, as one compresses a rubber bulb. 
The initial force is rapidly expended in 
opening up the collapsed walls of the esoph- 
agus and in overcoming friction, after 
which the effect of gravity becomes a real 
factor in further descent of the bolus. The 
action of peristalsis is inconspicuous in 
normal individuals, the rate of passage of 
the bolus being considerably faster than 
the rate of travel of the peristaltic waves. 
The continued presence of food in the 
esophagus, however, as in cases of obstruc- 
tion or delay from any cause, provides a 
stimulus to peristaltic activity which then 
becomes more marked. 


METHOD 


From a consideration of the foregoing, 
it will be seen that in the examination of 
the pharynx, hypopharynx, and larynx, 
we advocate the use of lateral films of 
the neck, made (a) with the larynx at rest; 
(4) during phonation of a high pitched 
note; (c) during the act of swallowing a 
nonopaque fluid, and (d) during the swal- 
lowing of a barium malted milk mixture 
of syrupy consistency, or some similar 
preparation. More recently we have also 
employed the “inflation” method‘ in all 
suitable cases. The intrapharyngeal pres- 
sure is raised and the air spaces of pharynx 
and hypopharynx are opened widely by 
having the patient pinch the nostrils and 
make a gentle effort to blow the nose while 
the mouth is kept closed. It will be seen 
by reference to Figure 1B that the hypo- 
pharynx is opened widely by this proced- 
ure, frequently to a depth of one and a 
half vertebral bodies, and the party wall 
is clearly visualized. Small tumors or for- 
eign bodies in the hypopharynx which are 
not visible at times in films made without 
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distention are thrown into relief. Further, 
inability of the hypopharynx to become 
distended by this procedure is an impor- 
tant indication of fixation due to disease. 
The degree of distention possible, however, 
varies to some degree with the individual. 

We have not found films made in the 
anteroposterior or posteroanterior direc- 
tion of particular help in the majority of 
cases due to superimposition of the ver- 
tebral shadows. We employ such views 
chiefly in the further investigation of le- 
sions already demonstrated in lateral films, 
and usually only when a barium bolus is 
given or when opaque foreign bodies are 
present. 


DILATATIONS OF THE ESOPHAGUS 


The rédle played by dilatation of the 
esophagus, of generalized type, in the pro- 
duction of dysphagia is rather the réle of 
the lesion causing the dilatation, and in 
the upper esophagus such lesions are rela- 
tively uncommon. They are, however, oc- 
casionally encountered and may involve 
the esophagus to the introitus. Pouches 
or diverticula resulting in dysphagia by 
the pressure they exert when filled with 
food are not infrequently encountered, and 
if located sufficiently high may be vis- 
ualized in lateral roentgenograms of the 
neck. They are of the pulsion type and 
originate nearly always at the introitus of 
the esophagus, the pharyngo-esophageal 
juncture, due presumably to deficiencies 
of the musculature or to congenital defects 
involving incomplete closure of the lower 
branchial clefts. They may arise on either 
side, usually on the left, or posteriorly. 
Their relation to the esophagus may be 
evident in films made after swallowing of 
contrast media, but is at times more readily 
apparent if a bougie is used to outline the 
course of the esophagus.’ The postcricoid 
region may be widened in the presence of 
esophageal pouches and air may be visual- 
ized in the prevertebral soft tissue shadow. 
The finding suggested by the lateral film 
may be confirmed by administration of a 
barium meal. 
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ESOPHAGEAL STENOSES 


Of the stenoses, the most commonly 
encountered in roentgenological practice, 
omitting for later consideration the in- 
trinsic neoplasms, are the cicatricial con- 
tractions resulting from the swallowing of 
escharotics, the most commonly involved 
areas in our experience being in the lower 
two-thirds of the esophagus. Congenital 
atresias are occasionally met and are read- 
ily identified. Stenoses from the ulcerations 
of syphilis or tuberculosis rarely enter the 
picture of differential diagnosis. 

Of the compressive stenoses, again omit- 
ting neoplasms, that resulting from surgical 
emphysema can be easily recognized by 
the demonstration of air along the muscle 
planes of the neck. The edema accompany- 
ing an acute inflammatory process may be 
more difficult of differentiation, especially 
when caused by the presence of nonopaque 
foreign bodies and superficial ulcerations. 
Simple retropharyngeal abscess may be 
suspected, especially in the young, when 
the prevertebral soft tissue shadow in a 
lateral teleroentgenogram exceeds a depth 
of 5 mm. at the level of the third cervical 
vertebra in patients in whom the aryte- 
noid eminences lie below the upper part of 
the fourth cervical, and in whom the cer- 
vical vertebrae show no obvious disease 
(Fig. 44). The usual depth of soft tissue 
shadow in the normal individual at the 
third cervical will approximate 3 to 4 mm. 
unless the arytenoid eminences occupy a 
high position, while the majority of pa- 
tients examined with retropharyngeal ab- 
scess will present a prevertebral soft tissue 
shadow of from 10 to 20 mm., or more. 

Esophageal compressions with dysphagia 
of thyroid origin are readily identifiable by 
the characteristic tracheal displacement 
seen in chest films, by the typical triangu- 
lar shadow at the upper thoracic inlet in 
cases of substernal goiter and by the up- 
ward movement of the enlarged gland 
during deglutition. When malignant dis- 
ease of the thyroid occurs no change from 
the picture of the benign gland is produced 
until invasion of adjacent structures has 
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A, post-cricoid abscess. Note the extensive area of involvement, in contrast with the more well de- 


fined limits which usually characterize neoplastic lesions in this region. 

B, post-criccid carcinoma. Note the marked thickening of the prevertebral soft tissue shadow from the 
third cervical vertebra downward to the upper thoracic inlet, with resulting tracheal compression. There 
is rather abrupt termination of the tumor shadow superiorly in contrast with the gradual transition to 


normal tissue seen in inflammatory lesions. 


C, angioneurotic edema. A seldom encountered cause of generalized uniform swelling of the prevertebral 
scft tissues, rapid in onset, and simulating an inflammatory process but presenting no focal point of sup- 


puration or greatest soft tissue swelling. 


resulted. Extensive infiltration of the struc- 
tures of the larynx and hypopharynx may 
occur (Figs. 54 and 58) and may involve 
the recurrent lary ngeal nerves with result- 
ing partial paraly sis of the vocal cords, and 
change in the ventricular contour. The 
thyrohyoid space may be obliterated and 
the hypopharynx may become firmly an- 
chored and incapable of change in depth 
when the intrapharyngeal pressure is raised 
by the inflation procedure. Recognition of 
disease about the hypopharynx by that 
method constitutes a sign, the value of 
which as an indication of tissue infiltration 
or induration is very considerable, and 
which may, of course, be observed in the 
presence of infiltrating or inflammatory 
processes originating anywhere in that 
region. 
FOREIGN BODIES 

Foreign bodies in the upper alimentary 
canal causing dysphagia may be located 
anywhere from the soft palate to the esoph- 
agus. When the foreign body searched for 


is small, calcification of the arytenoid car- 
tilages may lead to misinterpretation and 
may be differentiated by distending the 
hypopharynx with air, the arytenoids be- 
ing then displaced forwards and the rela- 
tionship of the parts made more easy of 
establishment. The most important con- 
sideration in the diagnosis of opaque for- 
eign bodies is the exclusion of such normal 
ossifications in the cartilages of the larynx, 
especially of the cricoid. Attention has 
been directed to the majority of misleading 
appearances by various authors,' but the 
most commonly observed error in diagnosis 
results from ossification in the “signet” of 
the cricoid cartilage, probably because it 
is in the region of the cricoid that the 
greatest number of foreign bodies are dis- 
covered. At times a dense bar-like shadow 
is produced by ossification, involving the 
posterior aspect of the signet, which has 
probably resulted in more mistaken diag- 
noses of foreign body than any other single 
structure in that region. As pointed out 
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Fic. 5. 4, carcinoma of the thyroid with invasion of surrounding soft parts. The thyrohyoid space has been 
almost obliterated. The epiglottis is free, the aryepiglottic folds are normal. The post-cricoid region has 
been invaded and the upper tracheal rings compressed. B, same case; elevation of the larynx during de- 
glutition is restricted. The hyoid moves but little but is fixed in a high position. Sufficient movement is 
possible to permit of blocking off the larynx during deglutition preventing the entrance of barium into 
the ventricle. Barium is seen in the pharynx and hypopharynx, and in the introitus of the esophagus. 


by Jackson, the large majority of foreign 
bodies in the region of the hypopharynx 
are found just below the level of the crico- 
pharyngeus muscle; that is, at or close to 
the introitus of the esophagus. The iden- 
tification of the cricoid therefore becomes 
a matter of importance. When not ossi- 
fied, its relationship to the upper end of 
the trachea will of course establish its 
position. Nonopaque foreign bodies may 
require barium for their demonstration, 
retaining a coating of barium after passage 
of the bolus. Mention should also be 
made of the more rarely confusing shadows 
caused by calcification in the superior or 
inferior cornua of the thyroid cartilage, 
and by the densities produced by the 
lateral masses of the fifth and sixth cervical 
vertebrae particularly. 


NEUROPATHIC DISORDERS 


Roentgenological manifestations of neu- 
ropathic disease causing dysphagia require 
careful correlation with clinical data in the 
present state of our knowledge. The roent- 
genologist is concerned but little in the 
majority of such cases, excepting to exclude 
local organic lesions, the neurological find- 
ings usually providing the basis for diag- 
nosis. In certain functional types of spasm, 
however, lateral films made as the patient 
is about to swallow, but before the act has 
actually been initiated, may show a high 
position of the hyoid bone as compared 
with the position occupied at rest, the 
thought of performing the act of degluti- 
tion being sufficient to produce partial 
contraction of the muscles which elevate 
the larynx. This same observation may be 
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made in patients in whom the act results 
in actual pain, apprehension resulting in 
tensing of the elevators of the larynx. In 
so-called vallecular dysphagia, a neuro- 
pathic type associated with degenerative 
changes in the pons of the nerve centers 
concerned with deglutition, the diagnosis 
may at times be made roentgenologically. 
The case illustrated in Figure 64 showed, 
on neurological examination by Dr. Ed- 
ward Brooks of our staff, involvement of 
the centers of the fifth, sixth, seventh, 
ninth and tenth cranial nerves, due to 
thrombosis of the inferior cerebellar ar- 
tery. Roentgenographic examination in 
such cases may show the act of swallowing 
to be initiated with difficulty, the bolus 
being rolled about in the mouth while 
contractions of the muscles of deglutition 
are made, without actual propulsion of 
the bolus into the hypopharynx. Films 
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made about a minute after swallowing a 
thick barium suspension may show reten- 
tion of an appreciable amount of the 
opaque medium in the vallecular spaces, 
with no effort on the part of the patient to 
clear the valleculae by repeated swallowing 
as is normally done, due probably to asso- 
ciated sensory changes. The tendency of 
food or barium to remain in the valleculae 
for more than a brief interval, as in the 
normal individual, has been the most ob- 
vious feature of the roentgenological find- 
ings observed in vallecular dysphagia in 
our experience. 


INFLAMMATORY PROCESSES 


Inflammatory processes producing dys- 
phagia may be acute or chronic. Those 
due to superficial reactions from acute 
infection of the upper air passages are 
usually not demonstrable roentgenologi- 


Fic. 6. 4 


, barium remaining in valleculae several seconds after swallowing in case of so-called vallecular 


dysphagia. At lower level, barium is seen at the introitus of the esophagus. B, laryngeal tuberculosis. 


rhe arytenoid eminences and aryepiglottic folds are thickened. 


There is infiltration of the post-cricoid 


soft tissues. The outlines of vocal cords and laryngeal ventricle are very hazy and indistinct. 
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cally and may be accurately detected by 
clinical methods. Foreign bodies may be 
responsible for marked inflammatory re- 
action due either to their presence, their 
passage, or following surgical instrumenta- 
tion for their removal. If nonopaque, the 
localized reaction set up may provide the 
only clue to their presence, apart from the 
clinical history. Even the use of opaque 
media will not in the case of embedded 
foreign bodies assist materially in their 
demonstration. Retropharyngeal abscess, 
usually from lymph glandular infection, 
is seen not infrequently, especially in chil- 
dren, and has been discussed in the fore- 
going under compressive stenosis. Chronic 
forms of retropharyngeal abscess may 
rarely be associated with caries of the 
cervical vertebrae of tuberculous origin, 
in which case vertebral destruction is usu- 
ally plainly evident. The involvement of 
the discs with paravertebral soft tissue 
swelling assists materially in the differ- 
entiation of tuberculous disease from neo- 
plasms of the spine, in which, moreover, 
dysphagia is relatively uncommon. 
Chronic inflammatory processes origi- 
nating from above the hypopharynx are 
scarcely in the realm of the roentgenol- 
ogist. Those associated with tuberculosis 
or lues may result in stricture of the esoph- 
agus and in more or less change in the 
structures of the larynx and adjacent parts 
which aid in their identification, particu- 
larly if associated with positive roentgeno- 
graphic evidence of pulmonary tuberculosis 
in the one instance, or with positive sero- 
logical reactions for syphilis in the other. 
The roentgenographic diagnosis of laryn- 
geal tuberculosis requires the careful study 
of films of excellent quality, and an inti- 
mate knowledge of the normal appearances 
of the parts and how they may be altered 
by disease (Fig. 6B). Cooperation of the 
laryngologist is essential and his findings 
should be carefully correlated. In a series of 
100 cases of laryngeal tuberculosis re- 
ported by Taylor and Nathanson,° dyspha- 
gia was observed in 7 per cent, while pul- 
monary tuberculosis was associated in 99 
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per cent. The changes which may occur in 
the vocal cords due to the disease may be 
demonstrable in some cases when the 
larynx is at rest, in others during phona- 
tion. Such changes usually result in blurring 
of the shadow of the false or true cords from 
infiltration or tissue destruction, with alter- 
ation from the normal in the contour of the 
ventricle. The aryepiglottic folds may be 
thickened or shortened from induration or 
scarring, the arytenoid eminences made 
large, the epiglottis altered in contour by 
ulceration, the posterior pharyngeal wall or 
the postcricoid region thickened as in other 
inflammatory processes, or the normal 
movements of the larynx during phonation 
or deglutition may be hampered by exten- 
sive disease in advanced cases. Small lesions 
located in the interarytenoid region, a 
favored site of involvement in early cases, 
will probably be invisible by roentgeno- 
graphic examination unless thrown forward 
sufficiently during phonation to be visual- 
ized in the posterior part of the ventricle. 
Decalcification of the thyroid cartilage— 
the so-called “washed out” appearance 

which is a frequently mentioned sign of 
tuberculous perichondritis of the thyroid 
cartilage, has not been identified in that 
disease in any case in our clinic, but has, 
on the contrary, been observed at times in 
normal individuals. Irregular areas of bone 
decalcification in otherwise well calcified 
thyroid cartilages are usually only areas 
in which ossification has failed to occur. 
In the opinion of Pancoast,’ soft tissue in- 
volvement is a necessary coexisting finding 
for the roentgen diagnosis of perichondritis. 


BENIGN NEOPLASMS 


Benign neoplasms of the epiglottis of 
cystic type are rarely met with and are 
most readily identifiable by clinical meth- 
ods. They may be easily visualized in the 
roentgenogram, but their nature is usually 
a matter of doubt. Polypoid tumors of the 
larynx which, if large, may cause dys- 
phagia, can be seen when projected against 
an air space. Such cases are not entirely 
rare, as indicated in Hay’s® monograph in 
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which he reports 26 benign tumors of the 
pharynx and larynx in his series of 200 
cases. McGehee’ has since reported 4 cases 
seen at the Cincinnati General Hospital 
in 1 of which there was choking on swallow- 
ing, and notes the fact that in 2 of his 
patients information was obtained roent- 
genogically which could not have been 
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MALIGNANT NEOPLASMS 


Of the malignant tumors, sarcoma or 
lympho-epithelioma arising in the naso- 
pharynx frequently cannot be differentiated 
from benign neoplasms roentgenologically, 
unless invasion of adjacent structures can 
be demonstrated by changes in contour of 
the parts or by fixation of normally mobile 


1G. 7. 4, carcinoma of the larynx and hypopharynx. Film made during attempted inflation. Hypopharynx 
partially distended. Arytenoid eminences, aryepiglottic fold and epiglottis thickened. B, same case; laryn- 
geal movement is restricted. At the height of the act of swallowing the valleculae are seen as dilated 
pouches, the pyriform sinuses are filled and the approximation of the arytenoid eminences to the base of 


the epiglottis has been incomplete. 


acquired otherwise. In subglottic lesions 
and in the examination of children or un- 
cooperative adults without the aid of direct 
examination under anesthesia, such difh- 
culty may occasionally be encountered. 
Nasopharyngeal fibromas may be clearly 
outlined and their dimensions and fre- 
quently their point of origin may be de- 
termined. 


structures during phonation or deglutition 
or by the inflation method. 

Carcinoma of the epiglottis may result 
in the formation of large irregular tumors 
in which the original form of the structure 
is quite lost. Only by the size attained, and 
the lack of associated laryngeal and pul- 
monary changes can carcinoma of the 
epiglottis confined to that structure be 


a 
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Fic. 8. 4, extensive carcinoma of the hypopharynx and larynx. Film made during attempted inflation. 
The hypopharynx cannot be distended; the arytenoid eminences are enlarged, the aryepiglottic folds 
invaded, the epiglottis erect and stiffened. The laryngeal ventricle shows no change. 

B, same case, extensive carcinoma of the larynx and hypopharynx seen at height of swallowing. Note 
the marked dilatation of the valleculae and the encroachment on the hypopharynx. Elevation of the 
larynx occurs on swallowing but the larynx is not completely blocked off and a barium fleck can be seen 
in the ventricle. The hyoid is anchored securely by infiltration about the larynx and has not ascended. 

C, subglottic carcinoma, The laryngeal ventricle is deformed, being narrowed and crescentic in contour. 
The tumor mass is projected upon the upper end of the trachea and has infiltrated the structure around 


the cricoid. 


differentiated from tuberculous disease. 
Syphilitic ulceration tends to involve the 
anterior aspect of the epiglottis and, when 
scarring has taken place, may cause the 
tip to curl forward to a degree sufficient 
to suggest the nature of the lesion. 
Carcinoma involving the hypopharynx 
with resulting dysphagia may be of ex- 
trinsic or intrinsic origin. In either case 
fixation of the larynx may occur as illus- 
trated in Figures 7 and 8. The relationship 
of the cricoid and thyroid cartilages to the 
hyoid may not change during deglutition 
or the thyrohyoid space may be practically 
obliterated, with or without some degree 
of paralysis of the vocal cords from pres- 
sure. Infiltration about the party wall may 
lead to fixation which can be demonstrated 
by failure of the hypopharyngeal air space 
to become larger when the interpharyngeal 
pressure is raised. The statement may bear 
repetition here that fixation of the larynx 
and hypopharynx, as demonstrated by this 


procedure, is an important indication of 
disease, and particularly of malignant dis- 
ease. Carcinoma of intrinsic origin arising 
in the hypopharynx, from the aryepiglottic 
folds or the lateral or posterior walls, can 
usually be detected by mirror examination. 
When the site of the disease is in the 
pyriform sinuses or postcricoid region, di- 
rect examination is required and should 
be supplemented by roentgenographic in- 
vestigation. Small lesions involving the 
hypopharynx, not visible in the usual 
lateral roentgenograms, may at times be 
demonstrable by the inflation method, by 
which they may be visualized as areas of 
encroachment on the air spaces. Antero- 
posterior films made with flash exposures 
while the patient is swallowing a barium 
mixture may afford additional information 
with respect to tumor size, lateralization, 
and point of origin. 

Postcricoid carcinomas, or neoplasms 
originating in or invading the upper retro- 
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tracheal region, offer one of the most diffi- 
cult problems with which the laryngologist 
is faced, particularly as to determination 
of extent of involvement. Roentgenologi- 
cally such tumors are seen to result in 
widening of the postcricoid soft tissue 
shadow (Fig. 48). Usually such cases are 
encountered at a stage of development of 
the tumor such that there exists little need 
for a nice estimation of the depth of pre- 
vertebral soft tissue shadow for establish- 
ment of a diagnosis. In our experience the 
tissue thickness, measured from the an- 
terior aspect of the vertebrae to the pos- 
terior margin of the upper end of the 
trachea, is usually about 2.0 to 3.5 cm. 
when the patient is first observed. The 
average tissue thickness at the same level 
in the normal, in a series of 100 individ- 
uals, was 1.5 cm. These measurements 
afford only a broad working rule, and vary 
slightly both with the general physique of 
the patient and with the technique of 
roentgenography, being increased when the 
tube-patient distance is decreased. The dif- 
ference of 1 or 2 mm. over the average is 
of little significance, however, and would 
be inadequate evidence of abnormality. 
The contour seen in postcricoid carcinomas 
is usually rather smoothly rounded, taper- 
ing off more or less sharply into normal 
tissue above and below and displacing the 
larynx and upper end of the trachea for- 
wards. Differentiation from an inflamma- 
tory process, which the condition may re- 
semble, requires consideration of the mode 
of onset, the duration of the condition and 
the age and sex of the patient, malignant 
disease in that region occurring rarely in 
the male. 
SUMMARY 


The roentgenological. anatomy of the 
pharynx and larynx is reviewed, and a 


Diseases of the Hypopharyngeal Region Producing Dysphagia 


185 


routine method of roentgenographic in- 
vestigation is recommended, embodying 
the use of films made (1) with the larynx at 
rest; (2) with the intrapharyngeal and in- 
tralaryngeal pressure raised by attempted 
expiration while the mouth and nose are 
closed; (3) during phonation; (4) during 
deglutition of a nonopaque fluid, and (5) 
during deglutition of an opaque medium. 
The physiological movements of the 
pharynx and larynx occurring during pho- 
nation and deglutition are briefly discussed. 
The appearance of the parts presented 
in various diseases is mentioned and atten- 
tion is drawn to the demonstration of fixa- 
tion of the hypopharynx and larynx as an 
indication of malignant disease. 
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MULTIPLE GIANT BULLAE ASSOCIATED WITH 
ANTHRACOSILICOSIS* 
A CLINICOPATHOLOGICAL STUDY OF A CASE 
By E. ROBERT WIESE, M.D., CHARLES A. HEIKEN, M.D., and ROBERT CHARR, M.D. 


WHITE HAVEN, PENNSYLVANIA 


ESPITE the fact that emphysema of 

the lungs has been well known since 
it was so inimitably described by Laennec, 
it has been only within recent years that 
the large bullae sometimes seen in con- 
nection with this disease have attracted 
attention. The diagnosis of such condition 
has, however, provoked discussion, espe- 
cially from a roentgenological standpoint, 
within the past decade. The following case 
is presented as being unusual in several 
respects. 

J. H.,awhite male, aged thirty-eight, married, 
entered White Haven Sanatorium in the service 
of one of us (C.A.H.) on March 17, 1937. His 
complaint was dyspnea and a slight cough. The 
family and past personal history was negative 
except that he worked for ten years as a laborer 
outside an anthracite mine and then for eight 
years in a steel mill. The present trouble began 
during the fall of 1933 with some shortness of 
breath upon exertion and cough with little ex- 
pectoration. After a three weeks’ stay in the 
Philadelphia General Hospital in 1935 the pa- 
tient became an inmate of a convalescent home 
for a trifle over one month. From January 17, 
1936, to the date of entry to the Sanatorium 
he remained at home unable to do any work 
because of the dyspnea which had gradually 
become worse. 

Physical examination showed a fairly well 
nourished man of normal color and stature 
except for a marked bulging of the upper part 
of his chest. The percussion note was hyper- 
resonant over the entire chest; the breath 
sounds were absent in the upper three-quarters 
of beth sides of the chest, both front and back, 
while normal breathing was found at both 
bases. 

The laboratory findings were both interesting 
and informative. There was present a moderate 
polycythemia (red blood cells about 6,500,000) 
which persisted throughout his illness. Al- 
though the arterial pressure was comparatively 


* From The White Haven Sanatorium, White Haven, Pa. 


low (127/94), the venous pressure was mark- 
edly increased (184 mm.). Failure of the right 
heart was also indicated by a prolongation of 
the circulation time (thirteen seconds), while 
the decreased volume of the lungs was shown 
by a vital capacity of 720 cc. as compared to 
the estimated normal of 4,200 cc. Numerous 
sedimentation tests gave results within normal 
limits and the tubercle bacillus was never 
found in his sputum during his entire stay in 
White Haven Sanatorium. It may be added 
that the patient lost practically no weight 
during the last three years of his life. 

The progress of the disease is well shown 
by comparison of three roentgenograms of the 
chest. The first of these (Fig. 1) was taken 
December 5, 1935; the report reads as follows: 
“Emphysematous type of chest; both hemi- 
thoraces are equal in size and no bony abnor- 
malities are seen. Heart shadow is within 
normal limits; mediastinum is not widened 
and the trachea is in the midline. Both right 
and left leaf of the diaphragm are somewhat 
hazy and are somewhat flatter than normal. 
The costophrenic angles are obliterated. On 
the right side a large area of rarefaction ex- 
tends from the apex to the third rib anteriorly 
(eighth vertebra posteriorly). A faint network 
of strands, suggestive of remnants of lung 
tissue, is seen in this space. There are nodular 
deposits scattered in the middle field, most 
numerous in the hilar area. The base of the 
lung is comparatively clear. The left side shows 
an oval of rarefaction reaching from the apex 
to the level of the fourth rib anteriorly (eighth 
vertebra posteriorly). There is a sharply de- 
fined, thread-like line between this area and 
the underlying lung. The lung tissue is a trifle 
denser than normal and extends upward later- 
ally to the level of the first intercostal space, 
thus forming a wedge of lung tissue between 
the area of rarefaction and the chest wall. 
There are several nodular deposits in the lung 
tissue.” 

A second film, taken in White Haven Sana 
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torium on March 18, 1937, is shown in Figure 
2; the report on this film is as follows: ““On the 
right side the rarefaction has now descended 
downward and occupies a trifle more than the 
lateral third of the basal half of the right 
hemithorax in addition to the space already 
described. Several well defined strands extend 
from the lung tissue to the chest wall in the 
basal part of the chest. There is little change 
on the left side except that the lung in the upper 
lateral part has been pushed downward and 
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now reaches only to the second intercostal 
space.” 

The third film taken in the White 
Haven Sanatorium on April 11, 1938 (lig. 
3) is recorded as follows: “On the right side 
the lung has been pushed both upward and 
inward and forms a dense area about the 
hilum. The lung has been reduced to approxi- 
mately 25 per cent of its normal volume. The 
diaphragm is flattened on this side; no fluid 
is seen in the pleural space. The trachea is still 
in the midline. On the left side the rarefied 
area occupies the upper half of the hemithorax, 
extending downward to the fourth interspace 
anteriorly (almost the ninth rib posteriorly). 
The upward projecting lung now reaches only 
to the fourth rib.” 


also 
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A summary of the three films was ably made 
by Dr. John T. Farrell, Jr. in the following 
report: ““The changes shown in this series of 
roentgen studies are unusual. In December, 
1935 (Fig. 1) the upper half of each lung was 
translucent and except for a few thread-like 
strands over the middle portion of the right 
lung there was nothing to suggest pulmonary 
tissue. The translucency resembles that of 
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pneumothorax. There was a gradual increase 
of the area of translucency on the right side 
and in March, 1937 (Fig. 2) it extended to 
the hilum and along the lateral and posterior 
aspect of the right lung as far as the diaphragm. 
At this time the area of the right lung was two- 
thirds. At the time of the last examination in 
April, 1938 (Fig. 3), the right lung was reduced 
so that it occupied about 20 per cent of the 
right half of the chest. While the area of trans- 
lucency increased on the left side the increase 
was less than that on the right, consequently 
the centrifugal enlargement of the translucent 
area occupied the upper half of the left hemi- 
thorax. In all of these studies the lower half of 
the left lung extended to the chest wall.” 

The onset of cyanosis was so gradual that 
it was not possible to say exactly when it was 
first present but evident bluing of the finger 
nails and lips was noted within a few months 
after admission. The patient became more and 
more dyspneic and cyanotic until death cc- 
curred on April 30, 1938. 

Post-mortem examination showed the body 
to be that of an adult, fairly well nourished, 
white male. There was extreme cyanosis of the 
face, particularly of the nose, lips and ears, 
while the fingers and toes were decidedly pur- 
ple. There was marked engorgement of the 
conjunctival blood vessels. The thorax was 
barrel shaped and the bulging of the pectoral 
regions was quite pronounced. 

During the removal of the sternum small 
balloon-like structures forced themselves out 
between the ribs as the intercostal muscles 
were cut. The opened chest presented a very 
unusual picture as the entire thoracic cavity 
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appeared to be filled with many air-containing 
sacs of various sizes and shapes. Practically all 
of these were thin-walled, translucent and 
parchment-like in appearance (Fig. 4). Their 
surfaces were seen to be criss-crossed by a net- 
work of exceedingly small blood vessels and 
thin black lines, apparently lymphatics, con- 
taining coal dust. Without exception these 
balloons originated in the anterior and lateral 
surfaces of the lungs and lay free in the pleural 
spaces. Both lungs were pushed downward and 
backward into a space decidedly smaller than 
that usually occupied by the lower lobes to a 
size approximately one-fourth their normal 
volume. 

Because of the distortion caused by the 
pressure of the air within the sacs it was not 
possible to distinguish the different lobes of 
the right lung, but a groove running through 
the middle third divided the lung roughly into 
an upper and a lower lobe. The upper lobe was 
black in color and upon palpation was found 
to be fairly firm in consistency. The upper 
portion of this lobe was honeycombed with 
numerous multilocular air spaces measuring 
from I to 7 mm. in diameter. Anthracosilicotic 
nodules, varying in size from I to $ mm. in 
diameter, were scattered throughout the lobe, 
at least three such nodules being found in every 
square centimeter. 

At least twenty sacs were found originating 
in the anterior surface of the upper lobe. The 
largest of these, 12 cm. in diameter, sprang 
from the lower portion of the upper lobe and 
contained air, as did all of the larger sacs. Those 
of medium size, usually with a center of a soft, 
sponge-like material, projected from the upper 
portion of the same lobe while those of smaller 
size—the smallest of which was 5 mm. in 
diameter—were located along the lower border 
of the upper lobe and were filled with fluid. A 
notable feature, especially of the larger sacs, 
was the thin, string-like bands that extended 
from the lung to the periphery of the sacs. 

A hard, white nodule, 3 mm. in diameter, 
lay directly beneath the pleura of the upper 
lobe just above the groove already mentioned. 
Upon section its center was found to be made 
up of a mixture of caseous and calcareous 
matter. 

The entire left lung was densely anthraco- 
silicotic and fairly firm in consistency. The 
upper portion of the upper lobe and the entire 
lower lobe were sponge-like with many dilated 


| 
a 
¥ 
4 
* 4 y 
4 
| 


VoL. 42, No. 2 


air spaces measuring from I mm. to I cm. in 
diameter. The blood vessels of the entire left 
lung and right lung were found to be much 
engorged. Approximately fifteen balloon-like 
structures, similar to those of the right lung, 
were seen bulging from the anterior surface 
of the upper lobe. The two largest of these each 
measured 1§ cm. in diameter. 

All the balloons of both lungs were connected 
by patent bronchi to the bronchial tree as was 
shown by their distention when air was forced 
down the trachea. Section of the lung tissue 
about the bases of the different sacs revealed 
this tissue to be emphysematous in character. 

As might have been expected, the right 
auricle and ventricle were both hypertrophied 
and dilated. The myocardium was dark red 
in color and somewhat flabby. To all appear- 
ances the coronary vessels were normal. The 
measurements of the heart, which weighed 
400 grams, were as follows: 


Left ventricle...... 2 em. thick 
Right ventricle............. 1.§ cm. thick 
Mitral valve...... 10 cm. wide 
Tricuspid valve cm. wide 
Pulmonic valve............... 9 cm. wide 


The papillary muscles of the right ventricle 
were flattened and the valves were normal 
except that the tricuspid valve showed a slight 
degree of thickening. 

Of the abdominal organs the spleen was the 
only one to deserve comment, being larger than 
normal (15 cm. in length), of a dark red color 
and a very firm consistency. Except for a 
moderate amount of passive congestion, the 
liver, kidneys, intestines and stomach were 
normal in every way. 

Microscopic study of a large bulla was made 
of a cross section of the wall consisting, for the 
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most part, of the pleura (Fig. 5). The outer 
surface consisted of an avascular layer of con- 
nective tissue covered here and there by a thin 
layer of flattened endothelium. The subendo- 
thelial layer was made up of collagenous fibers 
devoid of the usual elastic tissue. It was in- 
teresting to note that great dilatation of the 
air sacs apparently stimulated the growth of 
collagenous fibers in the wall of these sacs—and 
perhaps thereby prevented the ultimate rup- 
ture of the walls—while the elastic element in 
these same walls"was not only not stimulated 
but apparently failed to proliferate ever nor- 
mally. Although no lymphatics could be recog- 
nized, carbon particles were found scattered in 
this subendothelial layer and the walls of the 
occasionally found blood vessels were rather 
thickened. The inner surface of this large sac 
was made up of flattened collagenous fibers 
which were covered at irregular intervals by 
flat, cuboidal and also columnar epithelium. 
The presence of cilia could nowhere be deter- 
mined. 

The walls of the smaller sacs were thicker 
than those of larger size. Here, too, the super- 
ficial avascular collagenous tissue layer was 
covered by a layer of endothelium. The col- 
lagenous fibers beneath the endothelium lay 
upon a tenuous layer of elastic fibers which 
showed not only numerous points of rupture 
but an absence of the usual anastomosing 
fibers of elastic fibers between the elastic strata 
and the areolar layer. Within the areolar layer 
the walls of the engorged blood vessels were 
thickened and although carbon particles were 
seen scattered here and there no lymphatics 
could be seen. Cuboidal, columnar and flat- 
tened epithelial cells covered the inner surface 
of the smaller sacs, some of which contained an 
acidophile substance with polymorphonuclear 
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neutrophiles and an occasional eosinophile. 

The cross section of a small bulla, which 
apparently still retained its alveolar content as 
a sponge-like material, showed remnants of 
lung tissue with numerous, extremely dilated 
capillaries. The walls of the small arterioles 
were thickened while collections of white blood 
cells, most of which were polymorphonuclear 
leukocytes, were seen in many of the dilated 
alveolar spaces. 

The pleura covering a portion of the non- 
bullous lung (Fig. 6) showed some thickening 
as the result of an increase of the connective 
tissue which, however, lacked the normal 
amount of elastic tissue. It would seem, there- 
fore, that even the pleura of a non-distended 
portion of the lung failed to show the usual 
proportion of elastic tissue. 

Sections of the relatively normal lung showed 
practically all of the alveoli to be collapsed with 
their opposing walls densely packed one against 
the other. Alveolar spaces, containing an acido- 
philic substance in which dust cells could 
be distinguished, were, however, occasionally 
found. White blood cells, polymorphonuclear 
leukocytes for the most part, were found not 
only in the alveolar spaces but in the alveolar 
walls as well. The larger blood vessels and the 
alveolar capillaries were dilated; the perivascu- 
lar lymphatics contained some carbonaceous 
material but typical silicotic nodules were not 
present. The bronchioles were much desqua- 
mated as a consequence of which many of them 
were plugged with mucus containing broken 
down epithelial cells and white blood cells. 


COMMENT 


Nothing is definitely known as to the 
etiology of bullae in emphysema and while 
there are many controversial points it is 
generally conceded that they arise as the 
result of developmental errors, fibrosis, 
or other localized inflammatory changes 
(tuberculosis). A valve action due to stric- 
ture—of whatever origin—of the bronchi, 
which permits free passage of air into the 
alveoli but which retards, or even prevents, 
as ready an escape of the air is quite con- 
ceivable. It is a generally accepted fact 
that there is a diminution of the normally 
present elastic tissue in an emphysematous 
lung and that the continued distention 
may bring about atrophy and even rupture 
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of the alveolar walls, thus permitting the 
formation of a large bulla by the coales- 
cence of the involved terminal air sacs 
and accounting for the remnants of alveo- 
lar structures so often found within the 
walls of the bulla. It is also generally 
believed that in case of great distention 
of the alveoli the capillaries are compressed 
and even obliterated, whereas if the dis- 
tention is slight or even moderate the 
capillaries are increased in size. It is also 
agreed that almost without exception bul- 
lae in emphysematous lungs form on the 
anterior surfaces of the lung and are sur- 
rounded at their base by emphysematous 
lung tissue. Both the macroscopic and the 
microscopic findings of our case conform 
to these requirements and we therefore 
have no hesitancy in pronouncing the case 
as one of giant bullae. 

The diagnosis is made preéminently by 
roentgenological means as there is little 
about the disease to give a clear cut clin- 
ical picture. The predominant symptoms, 
cough, dyspnea and cyanosis, are found too 
frequently in other conditions to be con- 
sidered of great value as diagnostic points 
in this disease. There are few enough hints 
even in the roentgenogram. Bullae must 
be differentiated from cavity, cysts and 
pneumothorax. The walls of a cavity 
especially of a cavity of chronic tubercu- 
losis origin—are almost invariably thick- 
ened and show more or less infiltration at 
least about the suspected zone if not else- 
where in the lung. Moreover, the majority 
of cavities lie within the lung itself. In 
cystic formation the walls are rather thick 
and here also the lesion lies within the lung 
tissue as a rule. The paucity of symptoms 
in congenital cysts of the lung is also 
noteworthy and the finding of them is 
often accidental and incidental to roent- 
genological examination of the lung for 
some other condition. 

Spontaneous pneumothorax, as a rule, 
gives a characteristic history of sudden 
pain, dyspnea, etc., the patient is generally 
a sick individual and the contour of the 
lung on the roentgenogram is not the same 
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as in the case of a bulla. In both spontane- 
ous and induced pneumothorax the lung 
is pushed toward the mediastinum and one 
can generally trace the line indicative of 
the lung surface to the mesial side of the 
air space. The importance of differentiation 
of bulla from pneumothorax can hardly be 
overemphasized as an attempt to relieve 
the air pressure in a case of what is erro- 
neously believed to be a massive pneumo- 
thorax by the insertion of a needle into 
the pleural space may lead to unpleasant, 
if not very serious results. In the event of 
a bulla, however, except in case of pneu- 
monia, an atelectasis or a neoplasm in the 
neighboring tissue, the thin, sharp, thread- 
like line surrounding the area occupied 
by the bulla may be readily seen; a few 
strands, often reticular in outline, indica- 
tive of alveolar remnants, may be present 
and must not be mistaken for adhesions. 
A point which we have nowhere seen men- 
tioned but which we have observed both 
in our own films and in the illustrations we 
have read, is that in pneumothorax the line 


Multiple Giant Bullae 


of demarcation between the lung and the 
air space either curves downward or ex- 
tends straight across to the chest wall; in 
bulla, on the contrary, the line often curves 
upward toward the chest wall. In other 
words, in pneumothorax the air space, 
very often, ends in a wedge-shaped area 
extending downward between the visceral 
and the parietal pleurae while in bulla 
there is often a tongue-like projection of 
lung tissue pushed upward between the 
chest wall and the air space. 


SUMMARY 


A case of multiple giant bullae of the 
lung associated with anthracosilicosis ob- 
served by us both clinically and roentgeno- 
logically for several years and substanti- 
ated by gross post-mortem findings and 
microscopic examination has been pre- 
sented. 

We believe this case to be unique be- 
cause of the multiplicity and the size of 
the bullae, which could readily have been 
mistaken for spontaneous pneumothorax. 
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HEMANGIOMA OF THE VERTEBRA WITH 
COMPRESSION MYELOPATHY* 


By N. S. SCHLEZINGER, M.D.f 
PHILADELPHIA, PENNSYLVANIA 


and 
HENRY UNGAR, M.D.tf 


JERUSALEM 


N RECENT years there has been a 

decided increase in the number of cases 
of hemangioma of the vertebra reported 
in the literature. This appears to have 
occurred chiefly as a result of the develop- 
ment of the roentgen diagnosis of this 
condition, to which attention was first 
directed by Perman™ in 1926. Until that 
time there had been only 8 cases reported 
in which hemangioma of the vertebra was 
associated with compression myelopathy. 
In all of these the diagnosis was established 
at post mortem, and in many of them 
there was insufficient epicritic clinical data 
given. Since 1926 there has been a gradual 
accumulation of cases reported in which 
it has been possible to establish the diag- 
nosis clinically and in which the condition 
has been beneficially influenced by opera- 
tive measures and roentgen therapy. 

Hemangiomata of the vertebral column 
were considered to be rare until routine 
examination in several large European in- 
stitutions by persons interested in the 
pathology of bones revealed a much higher 
incidence than had been suspected pre- 
viously. Tépfer** in Schmorl’s Institute 
reported in 1928 on a study of 2,154 spinal 
columns in which she found the incidence 
of hemangiomata to be 11.93 per cent, 
namely 257 cases. Later Junghanns” re- 
viewed 3,829 vertebral columns from the 
same laboratory and discovered 409 cases 
with hemangiomata, an incidence of 10.7 
per cent. In another paper, Junghanns“ 
mentions the results of a study of 10,000 
spinal columns in the laboratory of Schmorl 


in which about 10 per cent showed the 
presence of hemangiomata. Putschar® sys- 
tematically studied 60 vertebral columns 
and found 4 cases in which there were 
hemangiomata. Another impression may 
be gained from statistics based on a study 
of the frequency of hemangioma in the 
group of bone tumors. In such a study, 
Christensen* found only 11 cases with 
hemangiomata among 918 cases of bone 
tumors (i.e., in 1.2 per cent), 2 of them 
being located in the vertebral column. 

In the large series of cases just described, 
not a single case with clinical evidence of 
compression myelopathy was mentioned. 
The first report in the United States of a 
case of hemangioma of the vertebra with 
compression myelopathy was by Bailey 
and Bucy? who reviewed the literature 
and added 1 case noteworthy because of 
the complete recovery of the patient. They 
emphasized the importance of roentgen- 
ography in the diagnosis of vertebral he- 
mangiomata and in retrospect were able to 
correct the erroneous clinical diagnosis in 
their case. The total number of such cases 
that we have been able to collect for 
analysis still indicates that this condition 
is infrequently encountered, although it 
is not as much of a rarity as formerly 
thought. Because of the relative ease with 
which a clinical diagnosis may be estab- 
lished early in these cases and the impor- 
tance of instituting therapy, which has 
been shown to be remarkably effective, it 
has seemed to us worth while to report 2 
cases in which these points are forcefully 


* From the Neurological and Laboratory Divisions and the Department of Neuropathology, Montefiore Hospital, New York City. 
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t Assisted by a Grant from the Emergency Committee in Aid of Displaced Foreign Physicians. 
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illustrated and at the same time to review 
in our discussion all similar cases thus far 
reported. 


REPORT OF CASES 


Case 1. Male, aged fifty, native of Austria, 
first admitted on May 18, 1978, following two 
laminectomies, with clinical evidence of partial 
transverse myelopathy; readmitted on April 5, 
1920; showed gradual progression of symptoms 
and signs with terminal development of pyo- 
nephrosis resulting in death on April 30, 1934. 
Necropsy revealed: hemangiomatosis of the verte- 
bral column with compression myelopathy at two 
widely separated levels; a syringomyelia in the 
cervical cord cephalad to the higher level of com- 
pression; telangiectasia of liver with new blood 
formation. 

L. R., male, aged fifty, and a canvasser by 
occupation, was born in Austria and had been 
in the United States for twenty-seven years. 
Family history and personal history were 
essentially negative. The onset of the present 
illness occurred in April, 1917, with a drawing 
sensation in the lower abdomen and pain in 
the lumbar spine. At the same time he felt a 
loss of proper control of the lower extremities 
which resulted in difficulty in walking. These 
symptoms increased in severity until his ad- 
mission to another hospital on October 2, 
1917, where examination revealed unsteady 
station, spastic ataxic gait, exaggerated knee 
jerks and hypalgesia below Ti. segment. A 
diagnosis of probable cord tumor between Tio 
and Ti. segments was made. At operation “no 
disease of cord found but some softening of the 
vertebra about Tiz segment with pressure on 
the cord sufficient to restrict it slightly.” 
Following operation the patient showed begin- 
ning weakness and atrophy of the muscles of 
the left hand in addition to the previous clinical 
signs. He was discharged as unimproved on 
November 27, 1917, and in January, 1918, was 
admitted to another hospital where examina- 
tion showed an increase in intensity of the 
signs noted above, with definite pyramidal 
tract signs in the lower extremities and fibrilla- 
tions and atrophy of the muscles of both upper 
extremities. A diagnosis of probable infiltrating 
glioma in the cervical region was made. At 
operation “‘slight adhesions were seen between 
the arachnoid and dura. Arachnoid slightly 
cloudy at the level of C; and Cs segments. Cord 
looks softened and somewhat enlarged. Aspira- 
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tion of cord negative. Nothing else abnormal 
found.” There was no improvement following 
the second operation. Patient was discharged 
as unimproved and shortly thereafter was ad- 
mitted to the Montefiore Hospital on March 
18, 1918. At this time his chief complaints 
were inability to walk, pains in the back and a 
girdle sensation of constriction in the lumbar 
region. Examination at this time showed one 
operative scar over the lower cervical spine 
and another over the lower thoracic and lumbar 
spines. 

Neurological Examination. Cranial nerve 
functions were normal. The muscles of the left 
arm were flaccid with some atrophy of the 
thenar and hypothenar eminences and with 
occasional fibrillations seen. Patient was unable 
to extend the fingers of the left hand. Motor 
power of the left upper extremity was markedly 
diminished and all movements were restricted. 
The muscles of the right arm were flaccid with 
atrophy of the thenar and hypothenar emi- 
nences. The lower extremities showed some 
wasting of the musculature, especially below 
the knees and more marked on the right. There 
was considerable*diminution in motor power 
in both legs. The abdominal reflexes were 
absent. The cremasterics were present. The 
knee jerks were exaggerated on both sides. 
There was a left Babinski sign. Hypalgesia and 
thermhypesthesia were noted in both lower 
extremities and touch sensation was diminished 
in the left lower extremity. There was pallan- 
esthesia in both lower extremities and pall- 
hypesthesia in the distal portions of the upper 
extremities. Electrical reactions showed reac- 
tion of degeneration in the musculature of both 
arms and forearms. 

Laboratory Findings. Urinalysis was nega- 
tive. Blood count was normal. Blood sugar was 
130 mg. per 100 cc., and blood urea nitrogen 
15 mg. per 100 cc. Blood serology was negative 
for evidence of syphilis. 

Course. During a three months’ stay in the 
hospital patient became progressively weaker 
and developed bearing-down pains in the lum- 
bar region. He was discharged on July 14, 1918, 
and was readmitted on April 5, 1920. Examina- 
tion at this time showed patient to be unable to 
walk without support. For the preceding nine 
months there had been difficulty in controlling 
the urinary stream, and for an_ indefinite 
length of time patient had been devoid of sex 
power. Noteworthy neurologic findings were: 
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persistence of lower motor neuron signs in the 
upper extremities, more marked in the right 
arm, with tendon hyperreflexia, more so on the 
left; diminished abdominal reflexes; absent 
cremasteric reflexes; marked paresis of the 
legs; hyperactive knee jerks, more so on the 
right; less active ankle jerks; Babinski sign 
bilaterally; marked hypesthesia for all modali- 
ties of sensation below the level of the umbilicus 
(Tio segment) bilaterally; loss of deep muscle 
sense in the lower extremities; hyperesthesia 
over the dermatome distribution of the lower 
cervical segments bilaterally; horizontal nys- 
tagmus. 

On January 9, 1921, radium was applied 
over the laminectomy scar in the cervical 
region ($3 mc. for ten hours). Other treatment 
largely consisted of physiotherapy. In Decem- 
ber, 1921, roentgen examination of the cervical 
vertebrae showed, “irregular bone destruction 
involving the lower cervical vertebrae with 
the laminae of C; and Cy, missing” (unfortu- 
nately these plates are not available for review). 
In January, 1922, neurologic examination 
showed an increasingly spastic paraparesis of 
the lower extremities and a distinct analgesia 
and thermanesthesia below the level of Tio 
segments; other signs were unchanged. Patient 
was having difficulty in emptying his bladder. 
Examination in June, 1926, showed practically 
no change in the neural status with the persist- 
ence of sensory findings as noted previously. 
During June and July, 1925, patient received 
a course of roentgen therapy to the cervical 
spine (2,000 r,) but there was no noticeable 
effect upon his condition. Examination in 
December, 1928, showed an increase in the 
degree of atrophy of the muscles of both 
upper extremities with hyperalgesia limited to 
the dermatome distribution of C; and C, seg- 
ments; other neurologic signs were unchanged. 

In September, 1931, examination showed a 
chair-ridden patient with diffuse lower motor 


neuron atrophy affecting the musculature of 


both upper extremities, especially the fore- 
arms and hands, and of the right lower ex- 
tremity. There was a sensory level at Tio for 
all forms of sensation with the sacral area 
showing a relative sparing for crude touch. 
There were no sensory disturbances in the 
cervical region. Motor power was very poor 
in both upper and lower extremities. Deep 
tendon reflexes generally were markedly dimin- 
ished. Abdominal and cremasteric reflexes were 


absent. Babinski sign and confirmatories were 
present bilaterally. Difficulty in urination per- 
sisted. In February, 1934, obstipation and 
urinary retention appeared. At this time sen- 
sory examination showed complete anesthesia 
below the level of Tip segment and hypalgesia 
extending up to the level of Ty segment. 
Patient developed an ascending urinary in- 
fection which rapidly progressed and resulted 
in death on April 30, 1934. 

Clinical diagnosis by most observers during 
the patient’s hospitalization was intramedul- 
lary cord disease with an occasional dissenting 
opinion of extramedullary neoplasm causing 
cord compression in the cervical region. 


Necropsy: Gross examination. Body was that of an 
emaciated white male. There were old laminectomy 
scars over the lower cervical and lower thoracic ver- 
tebrae. Heart was flabby and myocardium showed 
tigering; coronary arteries were patent throughout. 
Lower lobe of the left lung was heavy and rubbery 
in consistency; on section the tissue was grayish-red 
in color and scattered throughout were pea-sized 
grayish-white nodules which on pressure yielded a 
pus-like mass. Liver on section was light brown in 
color and the vessels contained the usual amount of 
blood; in the right lobe, chiefly beneath the capsule 
but also more centrally, there were observed a few 
firm white pea-sized nodules with central fibrosis 
and these nodules were sharply delimited from the 
surrounding tissue. Kidney capsules stripped with 
moderate ease, leaving a smooth surface on the right 
and a coarsely granular surface on the left; the cut 
surfaces were yellowish brown; the cortex and me- 
dulla were scarcely delimited; the pelves were not 
dilated but showed numerous partly confluent pe- 
techial hemorrhages; the pelvis of the left kidney 
was filled with pus. The spleen had a grayish-red 
capsule and the surface was dotted with numerous 
yellowish nodules, each about the size of a tapioca 
grain; on section the trabeculae were prominent, es- 
pecially in the subcapsular zone; the red pulp scraped 
easily and there was no evidence of amyloid. The 
other viscera showed no significant alterations. 

The spinous processes of the sth and 6th cervical 
and of the 11th thoracic vertebrae were absent. In 
the former region a thick ligament, about the thick- 
ness of a thumb and containing calcified areas, was 
noted. Many of the vertebrae, noticeably C;, T:, 
Ti, and showed an osteoplastic hemorrhagic in- 
volvement. At the level of the first thoracic vertebra 
the spinal canal was narrowed by a round exostosis 
of the corpus of the vertebra (Fig. 1). This bony pro- 
jection was ovoid shaped and about 208 mm. in 
size. The smooth surface was covered with a thin 
periosteal membrane. The small outgrowth into the 
spinal canal found its equivalent, on section, in an 
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osteosclerotic area extending about 10 mm. into the 
depth of the vertebra. The whole vertebra showed 
changes which, after formalin fixation, appeared as 
follows: the marrow in most areas had a deep 
blackish red color; the spongious bone was rather 
coarse with thickened trabeculae. These changes 
were noted in the body of T, vertebra which was re- 
moved in toto, but were also found in the spinous 
processes of L; and IL, vertebrae. In the latter in- 
stances, the laminae had become so thick that there 
was some difficulty in finding the lumen of the spinal 
canal when approached dorsally. 

Grossly the spinal dura mater showed no abnor- 
malities. The spinal cord was markedly thinned and 
softened in the lower cervical and lumbar regions. 
The outlines of the cord were completely distorted 
in the cervicothoracic region, and at one place there 
was a syringomyelic cavity. In the thoracolumbar 
region the segments of the cord were almost com- 
pletely destroyed. The area of softening in the lower 
region of the cord extended caudally as far as the 
sacral segments. 

Microscopic Examination. Heart showed moderate 
brown pigmentation. Sections of the lower lobe of the 
left lung showed evidence of a bronchopneumonia. 
Most of the alveoli were filled with masses of leuko- 
cytes and there was dilatation and hyperemia of the 
septal capillaries. The kidneys showed the usual 
number of glomeruli. The tufts were swollen and in 
places showed evidence of hemorrhage. The tubular 
epithelium was swollen and occasionally there were 
leukocytes in the lumen. The spleen showed marked 
hyperplasia of the reticulum cells and the follicular 
arteries showed thickening of the intima. Marked 
congestion with areas of hemorrhage was apparent. 

Liver: Sections of the liver revealed the architec- 
ture to be intact. The central veins were empty or 
filled with coagulated pale, pink-staining material, 
rarely with erythrocytes. There was moderate fatty 
change in the periphery of the lobules. Here and 


Fic. 1. Hemangioma of the first thoracic vertebra, 
showing total involvement with extension into 
the central canal. 
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Fic. 2. Section showing cavernous character of 
hemangioma. Note bone trabeculation. Decalci- 
fied. Hematoxylin-eosin stain. 30. 


there in the center of the lobules there was congestion 
with atrophy of liver cords. There were other areas 
showing marked distention of sinusoids which occa- 
sionally had a width double that of a liver cord. The 
latter were of the same size and structure as in areas 
with narrow capillary lumens. At times liver cells 
were separated from each other. These foci of tel- 
angiectasia were irregularly distributed and not 
limited to certain portions of the lobule only. The 
Kupffer cells were slightly enlarged in all parts of the 
capillaries; occasionally they were rounded contain- 
ing fine fat droplets or showing erythrophagia. Glis- 
son’s sheaths were narrow with intact bile ducts. In 
scattered areas there were a few accumulations of 
small round cells and polymorphonuclear leukocytes. 

A section of the liver beneath the capsule pre- 
sented several round nodules composed of irregularly 
arranged liver cords. The nodules were delineated 
from the surrounding parenchyma by a round, hy- 
peremic zone in which atrophic rests of liver cords 
could be seen. In the nodules the liver cells were 
about one and a half times the size of those in the 
surrounding parenchyma; the nuclei were generally 
small and uniform in size but here and there a few 
larger nuclei were observed which were very rich in 
chromatin. Occasionally a few cells containing large 
fat droplets were seen. The bile capillaries could be 
seen easily with hematoxylin and eosin stain. The 
sinusoids were rather wide. The Kupffer cells oc- 
casionally assumed a very large size; they were often 
rounded and might be seen lying freely in the lumen; 
sometimes they were elongated, spindle shaped or 
polyhedric. In the latter instances, they resembled 
liver cells in size and shape but could be distin- 
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Fic. 3. 4, cervical cord showing syrinx cephalad to 
the upper level of compression; B, myelopathy at 
cervicothoracic level of compression; C, midtho- 
racic cord showing ascending and descending de- 
myelinization; D, myelopathy at lumbar level of 
compression; E, sacral cord showing demyeliniza- 
tion in dorsal columns and pyramidal tracts. 
Myelin sheath stain. 


guished by the clear cytoplasm and the smaller 
nucleus. The sinusoids contained varying numbers of 
erythrocytes, an amorphous pink-staining material, 
and large nucleated elements which in part re- 
sembled desquamated Kupffer cells or bone marrow 
elements. 

Spine: In a horizontal section through the first 
thoracic vertebra (Fig. 2), the tumor was composed 
of vascular spaces of varying size. The lumina were 
filled with varying numbers of erythrocytes. There 
were scattered accumulations of leukocytes. In 
several places the lumina contained only acellular, 
pale-pinkish, homogeneous or granular masses. The 
vascular spaces were frequently large and rounded 
with thin, fibrous septa partially extending into the 
lumen, apparently originating from the confluence 
of two lumina. In other areas, however, there were 
very small slit-like lumina surrounded by rich, loose 
connective tissue. In these lumina leukocytes were 
abundant. The vascular spaces were lined by an un- 
interrupted layer of dark, flat cells which were sup- 
ported directly by a very loose, interwoven con- 
nective tissue composed of thin, short collagen fibers 
with cells sparsely scattered throughout. The vascu- 
lar spaces were lying together in larger groups be- 
tween which numerous atrophic bone trabeculae 
were found. Surrounding these groups there were at 
times slender, curved trabeculae of medium thick- 
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ness but scattered here and there were remarkably 
thick ones. The trabeculae frequently showed 
curved, irregular, buckle- and niche-like processes 
which ran strikingly parallel to the tumor spaces. In 
places with very wide or with numerous, very closely 
lying vascular spaces, the bone trabeculae were 
scarcer and had a thin, “rolled-out’’ appearance. 
Here, they always followed closely the outline of the 
blood spaces. The larger bone trabeculae were to be 
found in areas with abundant, loose connective tis- 
sue and only scattered blood spaces. Osteoblasts and 
osteoclasts were not seen. Cellular or fatty marrow 
was nowhere observed. 

In a horizontal section through the protrusion of 
the first thoracic vertebra, there was seen in the 
center, about 5-6 mm. from the border of the spinal 
canal, a tumor area showing marked fibrosis. Only 
a few small vascular spaces were present and these 
were surrounded by thick, dense connective tissue. 
An adjacent area presented the same appearance 
with scattered, short, thin bone trabeculae. Towards 
the spinal canal the blood spaces became more nu- 
merous and larger being closely adapted to the hy- 
pertrophic trabeculae. The borderline towards the 
spinal canal at the point of most marked bulging 
was chiefly formed by a long slender arc of bone of 
varying thinness but sometimes the angiomatous 
tissue with moderately large vascular spaces and 
loose interstitial fibrous tissue reached the peri- 
osteum and the covering ligament without, however, 
breaking into it. Towards the lateral portions of the 
canal there were remnants of a corticalis with numer- 
ous niches being filled with blood spaces. In this area 
there were occasional nests of fat marrow which, 
without a capsule, bordered the angiomatous tissue. 
The large cross section (Fig. 1) showed clearly the 
total involvement of the arcus by the hemangioma. 
The same picture was presented as in the corpus of 
the vertebra except for more abundant fat marrow in 
the posterior portion. 

Sections through the spinous processes of the up- 
per lumbar vertebrae showed total involvement with 
hemangioma. The general structure of the tumor in 
this area was the same as in the bodies of the verte- 
brae. The blood spaces appeared enormously en- 
larged and they were filled with masses of erythro- 
cytes; in one place there were also sedimented 
thrombi with accumulations of leukocytes. Inter- 
stitial connective tissue was present only in the 
form of small septa and within the latter were ac- 
cumulations of cells with round or slightly indented 
nuclei resembling bone marrow elements. Trabeculae 
of the spongiosa had a smooth outline frequently 
running in large curves around the blood spaces of 
the angioma. Nearer to the arcus the spongiosa be- 
came somewhat more dense. 

Spinal Cord: Segments of the cord in the areas of 
compression as well as above and below them were 
embedded in celloidin. Sections were stained by the 
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myelin sheath, hematoxylin and eosin, cresyl! violet, 
van Gieson and Holzer methods. 

In the myelin sheath preparations of the cervical 
cord, sections above the site of compression revealed 
a cavity and extensive demyelinization of various 
fiber tracts. At the level of C, segment (Fig. 34) 
the internal architecture was distorted so that the 
various fiber tracts and the outline of the gray matter 
were not discernible. The distortion was largely a 
result of the presence of a syrinx which was irregular 
in contour and extended transversely from a point 
corresponding approximately to that of the tip of 
the left dorsal horn to a position corresponding to 
that of the right lateral horn. Adjacent to the syrinx 
there were observed two smaller areas of cavitation. 
Demyelinization had affected the white matter gen- 
erally but varied in intensity, being greatest in the 
dorsal and left lateral columns and least in the ven- 
tral columns. In the pathways affected, the myelin 
showed all types of pathologic changes such as swell- 
ing, beading, accumulation of droplets, or complete 
disappearance. 

In the van Gieson preparation there was observed 
thickening of the meninges, chiefly the dura mater, 
over the dorsal aspect of the cord. The appearance 
of the syrinx and the character of its wall were strik- 
ingly shown in this preparation (Fig. 4). The wall 
could be divided into four layers. The innermost 
layer was spongious in appearance and relatively 
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Fic. 4. Syrinx with vascular reaction in its 
wall. Van Gieson stain. X7o. 
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Fic. 5. Myelopathy with formation of syrinx in cer- 
vical cord. Notice the gliosis. Holzer stain. 


acellular. The second layer was rich in cells which in 
certain areas were densely grouped together, while 
in other areas scattering was evident, so that this 
layer was not easily separable from the next layer. 
The third layer, in the areas where it was definitely 
demarcated, consisted of a homogenized tissue al- 
most completely free of cells but containing islets of 
vessels in contrast with the inner two layers which 
were relatively avascular. The walls of most of these 
vessels showed marked thickening, chiefly affecting 
the tunica adventitia, and occasionally the lumen of 
a vessel was seen to be obliterated. The fourth or 
outer layer was poorly defined and consisted of the 
area of transition wherein the wall of the syrinx 
merged into the surrounding parenchyma. Except for 
a few isolated strands of connective tissue seemingly 
arising from some of the vessels, the wall of the 
syrinx throughout consisted of dense glial tissue best 
seen in a Holzer preparation (Fig. 5). The interwoven 
glia fibers showed a tendency to form thick strands 
which ran parallel to the outline of the cavity. This 
dense glial layer at its outer border extended irregu- 
larly into the surrounding parenchyma. One of the 
small areas of cavitation adjacent to the syringo- 
myelia but not connected with the latter was lined 
by a narrow deep-staining band of glia fiber. 

In the cresyl violet and hematoxylin-eosin prepa- 
rations it was observed that the syrinx as well as the 
adjacent areas of cavitation were largely, if not 
completely, within the gray matter. The outline of 
the latter was, as a result, distorted. This essential 
confinement of the syrinx to the gray matter was 
demonstrated even more strikingly in its passage 
through the gray commissure from one side of the 
spinal cord to the other. The ependymal ceils of the 
central canal (Fig. 6) were displaced from their usual 
location but at no point were there seen any ependy- 
mal cells lining the cavity. The ganglion cells in the 
right ventral horn, although slightly reduced in num- 
ber, were well preserved. Only a few isolated ganglion 
cells were noted in the left ventral horn and these 
showed chromatolysis or pyknosis. Ganglion cells 
of the dorsal and lateral horns had almost completely 
disappeared on the left and only a few were observed 
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Fic. 6. Section showing ependymal cells separated 
from cavity. Cresyl violet stain. 100. 


on the right side, all showing marked pathologic 
changes. 

In a section at the level of compression in the cer- 
vicothoracic region (Fig. 3B) the myelin sheath 
preparation showed an almost complete obliteration 
of the architecture of the spinal cord resulting from 
the destruction of nearly all of the cord parenchyma. 
The white matter immediately around the ventral 
fissure was relatively intact. There was no evidence 
of a syrinx. There was considerable thickening of the 
dura and the pia which, over the dorsal and lateral 
aspects of the cord, was attached to its remnants. In 
the cresyl violet preparation, the pia was seen to be 
highly vascularized and from it numerous vessels 
extended directly into the cord, carrying with them a 
large amount of connective tissue. The latter had 
replaced much of the glia and nerve elements of the 
cord. The walls of these numerous small blood ves- 
sels showed marked thickening. There was no gray 
matter discernible and no ganglion cells could be 
seen. There was comparatively little evidence of 
glial reaction noted and it seemed that repair at this 
level consisted largely of an advanced stage of fibrous 
tissue replacement with contraction and scarring. 

In myelin sheath preparations at various levels 
of the thoracic cord caudal to the cervicothoracic 
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area of compression (Fig. 3C) pathological changes 
were limited to complete demyelinization of the fas- 
ciculus gracilis and marked demyelinization of the 
dorsal portion of the lateral columns. These changes 
were a result of ascending and descending degenera- 
tion respectively. Cresyl violet preparations showed 
chromatolytic changes in some of the ganglion cells 
of the left lateral horn in the upper thoracic segments 
of the cord. There was also a productive gliosis in 
the destroyed fiber tracts. 

In a section at about the level of compression in 
the thoracolumbar region of the cord (Fig. 3D) a 
myelin sheath preparation revealed marked distor- 
tion of the outline of the cord with accompanying 
thickening of the dura over the dorsal aspect of the 
cord. The left ventral horn was much smaller than 
normal and the outline of the right ventral horn was 
obscured. There was diffuse demyelinization of the 
white matter and of the spinal roots at this level. 
The fasciculus gracilis showed complete demyeliniza- 
tion. The myelin in these areas showed the varying 
degrees of destruction previously described. In the 
cresyl violet preparations there was almost complete 
disappearance of ganglion cells in the left ventral 
horn and the ganglion cells in the right ventral horn 
were definitely diminished in number. Most of the 
cells that remained showed various pathologic 
changes. 

In sections through the sacral portion of the spinal 
cord (Fig. 3£) pathologic changes consisted of de- 
myelinization affecting the dorsal columns and the 
lateral pyramidal tracts plus slight chromatolytic 
changes in the ganglion cells. 


Comment. This case demonstrates 
hemangiomatosis of the vertebral column 
causing compression myelopathy and, in 
addition, shows capillarectasia, nodular 
hyperplasia and blood formation in the 
liver. In order to explain the latter findings 
there has to be assumed either a compensa- 
tory blood regeneration in the liver due to 
extensive involvement of the bone marrow 
in the vertebral column or the independent 
occurrence of blood-forming foci, as re- 
peatedly described in angiomas or areas 
of epithelial regeneration in the liver. It 
should be stressed that the existence in 
our case of capillarectasia in the liver 
makes it comparable in this respect with 
those reported by Virchow,® Ribbert,”’ 
and Pentmann,” in which the multiple 
occurrence of hemangiomata in different 
organs favors the theory of a congenital 
origin of these tumors. 


VoL. 42, No. 2 


Clinically, this case demonstrates the 
following noteworthy features: onset of 
illness in a male early in the sixth decade 
of life; relatively rapid progression of symp- 
toms soon after onset; prolonged duration 
of illness (sixteen years) without remission 
but with little or no evidence of progression 
for relatively long periods of time; the 
ineffectiveness of operative therapy and of 
the nonspecifically applied radiotherapy, 
and failure to make a correct ante-mortem 
diagnosis. 

Neuropathologically, this case appears 
to be unique in two respects when com- 
pared with all the cases of like etiology 
hitherto reported. These are: (1) the oc- 
currence of spinal cord compression at 
two widely separated levels; (2) the forma- 
tion of a syrinx in an area of compression. 
The former is only mentioned in order to 
demonstrate the unusualness of its occur- 
rence and to point out the confusion that 
may arise as a result of the syndrome 
produced. The latter is deserving of more 
attention because of the problem of the 
pathogenesis of such a lesion. Although 
syringomyelia has been described as oc- 
curring in a variety of conditions, including 
cases in which compression myelopathy 
has resulted from tumors other than ver- 
tebral hemangioma, it has not previously 
been reported in association with the latter 
condition. 

The subject of syringomyelia and of its 
etiology and pathogenesis has been a con- 
troversial one. Whereas some authors, such 
as Hassin,'° state that there is a specific 
clinicopathologic entity for which the term 
syringomyelia should be reserved, it would 
seem that many authors do not agree that 
such an entity exists and would group all 
conditions in which cavitation of the spinal 
cord exists under the term syringomyelia, 
adding whenever possible the etiologic 
factor concerned. Schlesinger,*® in his clas- 
sic monograph, does not conclude that 
syringomyelia can be sharply delimited as a 
clinicopathologic entity, but uses the term 
to describe a varied number of conditions 
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in which spinal cord cavitation is present. 
In his classification he does subdivide the 
syringomyelias and definitely suggests that 
one group is congenital in origin, but he 
does not sharply distinguish this group 
histopathologically as Hassin attempts to 
do. 

Histopathologically, our case reveals 
many of those features that have been 
described as occurring characteristically 
in syringomyelia. For example, the areas 
of homogenization which consist of dense, 
relatively acellular glial tissue are well 
shown as are also the islets of vessels with 
hypertrophied adventitia (Fig. 4). There 
would seem to be no question that the 
syrinx in this case was etio!ogically related 
to a specific extramedullary compressing 
lesion. Therefore, we do not consider it 
advisable to use the term pseudosyringo- 
myelia in our case in a pathological sense, 
although it might possibly have some ad- 
vantage in a clinical sense. 

The etiology “of syringomyelia, as we 
propose to use the term, is a markedly 
varied one. In addition to the small group 
in which it apparently occurs in association 
with a congenital defect or anomaly,” 
syrinxes have been described as occurring 
in association with such varied conditions 
as vascular occlusions,”’ intramedullary 
neoplasms," extramedullary neoplasms,’ 
hematomyelia,"' tabes dorsalis,” chronic 
poliomyelitis,”® etc. 

The theories as to the pathogenesis of 
syringomyelia are almost as varied as the 
etiologic lesions that have been described. 
In the group due to congenital lesions, one 
theory favors the origin of a cavity in the 
center of an area of tumor-like gliosis,*° 
while another favors an inborn deficiency 
of glia.!° The pathogenesis of cases in which 
there has apparently been primary cavity 
formation has often been attributed to 
trauma,’ which supposedly produces its 
effect by concussion, anemic necrosis or 
hemorrhage. Trauma has been shown to 


have such results in experiments with 
animals by Schmauss.*! The pathogenesis 
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of many cases in which there is secondary 
cavity formation has been attributed to a 
congenital predisposition to excessive glial 
reaction or to some form of interference 
with the vascular supply of the spinal 
cord.® The latter hypothesis has been sup- 
ported by Tauber and Langworthy,* who 
experimentally produced cavitation in the 
spinal cords of cats by obstructing the 
vascular supply. 

We are inclined to agree with Kirch,’® 
Davison and Keschner,’ and others, that 
one of the chief etiologic factors of syringo- 
myelia in compression myelopathy is an 
interference with the blood supply which 
causes local anemia of the spinal cord 
followed by edema, necrosis and the forma- 
tion of a cavity. But there must be other 
predisposing factors determining the for- 
mation of a syrinx as aptly shown by our 
case where compression myelopathy oc- 
curred at two widely separated levels of 
the cord. Yet cavity formation only oc- 
curred in the cervical region in about the 
same location where syringomyelia is usu- 
ally found. That this is a coincidence is 
unlikely. It seems that one is forced to 
adopt a theory that has already been 
suggested,® namely that the lower cervical 
region of the spinal cord is especially sus- 
ceptible to cavity formation because of 
its peculiar blood supply. It is in this 
area that the cranial blood supply to the 
cord ceases and the blood supply of purely 
spinal origin begins. 

Case 11. Male, aged fourteen, native of the 
United States, admitted on Fuly 6, 1933, follow- 
ing laminectomy, with clinical evidence of a 
partial transverse myelopathy; given radiother- 
apy; showed gradual improvement with ultimately 
almost complete restoration of function. 

B. K., a schoolboy, aged fourteen, was a 
native of the United States and had lived in 
New York City. Family history and personal 
history were essentially negative. He had been 
in good health previous to the onset of his 
present illness. On November 21, 1932, the 
patient fell, injuring both knees but he was 
able to walk. Two days later the first difficulty 
in walking was experienced; this affected the 
right leg more than the left. The difficulty in 
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walking progressed so rapidly that on the third 
day following the accident, the patient was 
unable to attend school and was kept at home. 
His legs became stiff. About November 25 
numbness in the legs was first noted and rapidly 
progressed, finally extending up to the groins. 
By December 17 the patient was unable to 
stand without support and symptoms became 
increasingly severe. There were no sphincteric 
disorders. Patient was admitted to another 
hospital on December 28, 1932, where ex- 
amination revealed inability to stand without 
support, tendon hyperreflexia in the lower 
extremities, bilateral Babinski sign and con- 
firmatories, marked spastic paraparesis of legs, 
and diminution of sensation below. the level 
of T; segment. Laboratory findings were nega- 
tive except for the spinal fluid which was 
slightly yellow and contained 5 cells, 3 plus 
globulin and 580 mg. protein. Manometric 
study revealed a complete block. Roentgeno- 
gram of the spine was “‘suggestive of a heman- 
gioma of the 8th thoracic vertebra.” On 
January 7, 1933, a laminectomy was done and 
as the spines of T; and Ts vertebrae were 
removed considerable bleeding was encoun- 
tered. Because of this the operation was halted. 
Following this all power in the lower limbs was 
lost. A second operation was performed on 
January 27 and an abscess cavity was dis- 
covered at the site of the previous operation 
and this was drained. Patient gradually re- 
gained some power in his legs and after a third 
operation on May 25, 1933, continued to 
improve. He was transferred to the Montefiore 
Hospital and admitted there on July 6, 1933. 
On admission, patient was bed ridden and the 
general physical examination revealed an oper- 
ative scar over the lower thoracic spine with a 
draining sinus in this region. 


Neurological Examination. Cranial nerve 
functions were within normal limits. Upper 
extremities showed no gross abnormalities. 
Motor power was markedly diminished in the 
lower extremities which were spastic and 
showed a tendency to assume a scissors posi- 
tion. Deep tendon reflexes were hyperactive 
in the lower extremities with ankle and patellar 
clonus bilaterally. The abdominal reflexes were 
absent and the cremasteric reflexes were pres- 
ent. Babinski sign and confirmatories were 
elicited bilaterally. There was impairment of 
sensation for all modalities below the level of 
Tio segment with sacral sparing. 
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Laboratory Findings. Blood count was normal 
as were blood urea nitrogen and blood sugar. 
Blood and spinal fluid serology was negative 
for evidence of syphilis. Spinal fluid showed 2 
cells, negative Pandy, and total protein of 
56.6 mg.; manometric study showed no block. 
Roentgen examination of the thoracic spine 
(Fig. 7) disclosed a honeycombed area of bone 
absorption in the superior half of the body of 
the 8th thoracic vertebra which was especially 
noticeable on the right. The right pedicle had 
a similar honeycombed appearance and there 
was evidence of extension into the right lamina. 

Course. While in this hospital the patient 
was given an intensive course of radiotherapy 
and showed gradual improvement. The drain- 
ing sinus healed completely. Motor power 
improved so that the patient was able to 
walk with the assistance of a cane. In April, 
1934, neurologic examination revealed: spastic, 
broad-based gait; deep hyperreflexia and per- 
sistence of all pyramidal tract signs in the 
lower extremities; paresis of both legs, more so 
on the left, and persistence of sensory disturb- 
ances distal to the level of Tio segment al- 
though less noticeable than on admission. 
Patient was discharged on May 12, 1934; 
condition improved. 

Since discharge patient has been seen at 
regular intervals. He has shown marked though 
gradual improvement. Neurological examina- 
tion in March, 1935, showed a slightly ataxic 
gait; ability to run for a short distance; motor 
power much improved in both lower extremities 
although slight paresis still present; deep hyper- 
reflexia in legs less marked; abdominal reflexes 
present but diminished; Babinski sign present 
on right with doubtful Babinski sign on left; 
pallanesthesia distal to the iliac crests with 
slight impairment of position sense in the toes; 
superficial modalities of sensation normal. Neu- 
rological examination done at intervals of 
approximately three months have shown little 
or no change in signs noted above which indi- 
cate residual involvement of the dorsolateral 
columns of the spinal cord. At present patient 
has a part time job and is attending college 
where he enters freely into nearly all activities 
including a variety of sports. There is a tend- 
ency to fatigue easily and at such times his 
gait may manifest slight unsteadiness, but 
these are not sufficient to inconvenience him. 

On January 12, 1932, roentgen examination 
of the spine disclosed little change in the lesion 
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Fic. 7. Roentgenogram of the thoracic spine in Case 
11 showing a honeycombed appearance of the 
eighth thoracic vertebra. 


in the 8th thoracic vertebra, except for a slight 
increase in trabeculation and less evidence of 
absorption. Repeated roentgen examinations 
since then have shown no change in the char- 
acter of the lesion involving the 8th thoracic 
vertebra. 


Comment. This case is especially inter- 
esting because of the many contrasting 
features shown when it is compared with 
Case 1. Clinically it shows the appearance 
of illness in a male early in the second 
decade of life; an acute onset following 
trauma and the rapid progression of symp- 
tomatology; the establishment of a correct 
clinical diagnosis by means of roentgen- 
ography; a prompt institution of surgical 
therapy and the subsequent administration 
of roentgen therapy; an ultimate nearly 
complete restoration of function in spite 
of unfortunate postoperative complica- 
tions. 
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Happily, this case does not present path- 
ologic material for discussion. As regards 
the pathology, however, it may be stated 
that this case is more typical than Case 1 
in that a single vertebra is involved and its 
location corresponds to the region of the 
spinal column usually affected. The re- 
markable restitution of function in this 
patient is a demonstration of the degree of 
reversibility which can be expected when 
fixed structural alterations have not yet 
occurred in a diseased spinal cord. As a 
corollary to this, it may be added that the 
duration of an almost complete transverse 
myelopathy due to compression for a pe- 
riod of six months, as shown by this case, 
does not necessarily indicate the degree of 
permanent nerve tissue destruction. 


DISCUSSION 


A search of the literature reveals that 
thus far there have been reported 38 cases 
of hemangioma of the vertebra associated 
with neurologic manifestations due to com- 
pression of the spinal cord or cauda equina. 
To these we have added our 2 cases making 
a total of 40 such cases. An analysis of 
these cases for the purpose of our discussion 
is best served by grouping them in a table 
(Table 1). The cases have been subdivided 
into a group (A) with proved diagnoses and 
a group (Bs) with presumptive diagnoses. 
The former consists of those cases in which 
the diagnosis has been confirmed either by 
post-mortem examination or by operation. 
The latter group consists of those cases in 
which the diagnosis has been made as a 
result of roentgenography and has not 
been confirmed by histopathological ex- 
amination. It is probable that all of the 
cases with presumptive diagnoses are actu- 
ally hemangiomas but, in view of the fact 
that some observers’:* have questioned the 
pathognomonic appearance of the roent- 
genogram in hemangioma of the vertebrae, 
it has been considered advisable to make 
this separation. As shown in the table both 
of our cases belong in the “proved” group. 

Another table (Table 11) has been uti- 
lized for those cases with symptoms but no 
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definite neurologic evidence of compression 
myelopathy. The diagnosis in this group, 
except for 1 case reported by Barnard and 
Van Nuys’ in which a biopsy was done, is a 
presumptive one based on the characteris- 
tic roentgenogram obtained. There are 11 
such cases, in 8 of which the vertebra in- 
volved was a lumbar vertebra. In only 2 
cases was a thoracic vertebra affected and 
in 1 case there was involvement of both a 
thoracic and lumbar vertebra. In addition 
to the 11 cases with symptoms but without 
neurologic evidence of compression, there 
have been a number of reports of cases in 
which an incidental diagnosis has been 
made by means of roentgenography. These 
asymptomatic cases are interesting because 
they are a beginning verification of what 
one would expect in view of the surpris- 
ingly large incidence of vertebral heman- 
giomata shown in post-mortem studies. 
Increasing use of roentgenograms of the 
spine for diagnostic purposes will probably 
reveal an increasing number of such in- 
cidentally discovered cases. 

Etiology and Pathogenesis. Hemangio- 
mata are known to occur throughout the 
body, for example, in the skin (nevi), in 
the viscera (liver, spleen, etc.), in bone 
(skull, vertebrae, etc.), in the central nerv- 
ous system, etc. They are generally con- 
sidered by pathologists to be derived from 
embryonic rests and therefore congenital 
in origin. Telangiectasia and vascular dila- 
tations due to inflammatory or mechanical 
factors are obviously secondary processes 
and are not neoplastic, as can be shown by 
examination of their structure microscop- 
ically. 

The comparative frequency of occur- 
rence of hemangioma in the vertebrae, as 
shown by Topfer* and Junghanns,” be- 
comes more readily understandable when 
one considers the embryology and anatomy 
of the vertebrae. It is known that an exten- 
sive venous plexus is present in the embryo 
in the mesenchymal tissue that ultimately 
forms the vertebral column. Hanson® has 
been able to show the remnants of this 
plexus in the form of canals traversing the 
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bodies of the vertebrae and normally vis- 
ible by roentgenography during the first 
and second decades of life. He describes as 
an almost constant finding a canal running 
transversely in the anterior margin of the 
vertebra from which other canals extend 
backward to a network of veins at the 
posterior aspect of the vertebral body. In 
view of the presence of such an extensive 
venous network in the vertebrae normally, 
one would expect to find an increased 
occurrence of congenital vascular anoma- 
lies or embryonic rests which might later 
result in the formation of hemangiomata. 
A similar explanation for the frequent 
occurrence of hemangiomata in the skull 
seems reasonable when one considers the 
rich venous network in the diploe. 

In accepting the theory that hemangio- 
mata of the vertebrae are essentially con- 
genital in origin, one is forced to consider 
the interesting point as to why in the vast 
majority of cases they do not manifest 
themselves clinically. Here again the prob- 
lem, as in the case of many other neo- 
plasms, does not readily lend itself to a 
solution on the basis of facts ascertainable 
at the present time. However, it would 
appear to be worth while to review the 
available data for clues which may help 
to explain how a histologically benign 
neoplasm present in about Io per cent of 
humans can assume a relatively malignant 
character by narrowing the lumen of the 
spinal canal. 

It is easily recognizable that the location 
of a slow-growing benign neoplasm, such as 
hemangioma, is vastly important when 
considered in relation to its clinical bearing. 
We know that far-reaching effects are a 
result of a relatively slight constriction of 
the lumen of the spinal canal. Therefore, 
a hemangioma in the skin or in the liver 
which may reach an enormous size would 
have relatively few deleterious effects clin- 
ically, while a much smaller hemangioma 
situated intradurally or extradurally may 
have very serious effects. As an even clearer 
demonstration of the importance of loca- 
tion of the tumor in the pathogenesis of 
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myelopathy, one need only consider the 
question of the local distribution of neo- 
plastic tissue in an involved vertebra. In 
this regard it is interesting to note that the 
studies of asymptomatic vertebral heman- 
giomas reveal the highest prevalence of 
involvement in the bodies of the vertebrae. 
Toépfer, in her series of 257 cases, found 
involvement of the spinous process 4 times, 
of the arch 3 times, and of the articulated 
process once. The high percentage of in- 
volvement of the bodies of the vertebrae 
as contrasted with the low percentage of 
involvement of other portions may be 
explainable on the same basis as the one 
offered for the general frequency of oc- 
currence of hemangiomata in the spinal 
column, namely the extensive venous net- 
work in the vertebral bodies. In contrast 
with the observations just mentioned, we 
find that in the cases with neurologic signs 
there is a decidedly higher incidence of 
involvement of other parts of the vertebrae 
in association -with involvement of the 
corpus. Our Case 1 showed extensive dis- 
tribution of the tumor in the arches and 
spinous processes of the affected vertebrae. 
In view of the occurrence of marked bleed- 
ing in nearly all cases subjected to lami- 
nectomy it would seem likely that this 
greater involvement of the vertebrae in 
the cases with clinical manifestations is 
even more frequent than indicated by the 
number of cases in which it has been 
specifically mentioned. The production of 
compression manifestations in these cases 
is thus, to some extent, probably explain- 
able on the basis of the anatomic distribu- 
tion of the hemangioma in the diseased 
vertebra. 

In a further elucidation of the possible 
relationship between pathology and the 
production of clinical manifestations, one 
may profitably consider the subject of 
expansion of hemangiomata. Clues as to 
how the bone changes in order to cause a 
narrowing of the lumen of the spinal canal 
may be gathered from the experience of 
other authors. The narrowing of the canal 
cannot be explained simply by the extent 


| 


204 


w 


wn 


= 


. Clavelin, C 


Taste I 


N. S. Schlezinger and Henry Ungar 


HEMANGIOMA OF THE VERTEBRA WITH COMPRESSION MEYLOPATHY 


Author 


Virchow:® Schmidt, M. B. Allgemeine 
Pathologie und pathologische Anatomie 
der Knochen. Ergebn. allg. Path., 1900, 
7, 221. 


. Gerhardt, D. Ueber das Verhalten der 


Reflexe bei Querdurchtrennung des 
Riickenmarks. Deutsche Zitschr. Nerven 
heilk., 1895, 6, 127 

Deetz, R. Angiom der Wirbelsiule, 
M iinchen. med. Wchnschr., 1901, 2, 1506. 


Muthmann:*! 


Ribbert 


Trommer, B. Zur Lehre der Himangiome 
der Wirbelsiule. Kavernése Chondrom 
des finften Brustwirbels mit Kompres- 
sionsmyelitis. Frankfurt. Zischr., 19109, 
22, 313. 


Hille, K. Himangiom des Wirbelkanals 
Ein Beitrag zur Kasuistik der Riicken- 
marksgeschwiilste M iinchen. med 
W chnschr., 1924, 71, 1241. 

Gold, E. Von den Wirbelverinderungen 
im Falle eines Himangioms an der Dura 
spinalis. Arch. /. klin. Chir., 1926, 130, 
729. 


Perman:™ 


Guillain, G., Descourt, J., and Bertrand, 
J. Compression médullaire par angiome 
vertébral. Ann. de méd., 1928, 23, 1 


, Globus and Doshay:’ Ewing, J. Neo 


plastic Diseases. 3rd edition. W. B 
Saunders Co., Philadelphia. 1928, p. 249. 


Bailey and Bucy:* Bucy, P. C., andCapp 
C. S. Primary hemangioma of bone. Am 
J. Roentcenot. & Rap. THERAPY, 1930, 


Connell, W. T., and Hay, W. D. Caver 
nous angioma of epidural space with com 
pression of spinal cord. Canad. Med. Ass 
J ., 1930, 22, 75. 


. Climescu, V., and lands, A. Un caz de 


compresiune medulara prin angiom ver 
tebral. Rev. de chir., Bucarest, 1930, 22, 
102. 


5. Jiano, J., Grigoresco, D., and Vasiliu, D 


Compression médullaire par angiome 
vertébral. Coexistence d’un angiome ex 
tra-dure-mérien. J. de Chir., 1931, 38 


Sandahl, C. Beitrag zur Kenntnis des all 
gemeinen Vorkommens des Hamangioms 
in der Wirbelsiiule. Acta chir. Scandinar., 
1931, 60, 63. 


, and Gauthier, C. Un cas 
d’angiome vertébral. Rev. de chir., Paris, 
1932, 308. 


Junghanns:“ 


Le >) 


F 


M 


M 


M 


be >] 


be >] 


M 


M 


M 


Age | Location 


A. “Proved” Cases 
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therapy 


Laminec 
tomy 
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vertebrae 
18 T5 Rapid onset;} Compression 
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vertebra vertebra; 
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duration of | spondylitis; 
16 years | compression 
| myelopathy 
Young) Thoracic - Compression 
vertebra myelopathy 
17 T5 Slow onset; | Spinal cord 
T 6 duration of | tumor with 
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TABLE I—Continued. 
Location Course of Diagnosis 
Illness 
>. Slow onset; | Vertebral he 
duration of | mangioma; 
4 years with | compression 
remissions myelopathy 
T7 Rapid Compression 
duration of | myelopathy 
3 months 
T 6 Slow onset; | Compression 
duration of | myelopathy 
6 months 
T 4 Slow onset | Compression 
myelopathy 
a3 Slow onset; | Compression 
T8 duration of | myelopathy 
To several 
T 10 years 
T3 Slow onset; | Compression 
duration of | myelopathy 
several years 
with remis 
sions 
Ts Slow onset; | Vertebral he 
duration of | mangioma; 
9 years with | compression 
with remis- | myelopathy 
sions 
To Slow onset; | Compression 
duration of | myelopathy 
26 years 
C4 — Compression 
Ce myelopathy 
C 6 
T4 Rapid onset;} Compression 
duration of | myelopathy 
2 months 
T6 Slow onset; | Tumor of 
duration of | spine with 
3 years compression 
myelopathy 
T4 Slow onset; | Compression 
duration of | myelopathy 
6 weeks 
T 3 Slow onset; | Benign tumor 
duration of | of spine, pos 
4 months sibly angi- 
oma; com- 
pression 
myelopathy 
C7 Slow onset; | Intrinsic cord 
T1 duration of | disease or ex 
T 12 16 years tramedullary 
Lt neoplasm 
L 2 with com- 
pression 
myelopathy 
T8 Rapid onset | Vertebral he 


after fall; 
duration of 
6 weeks 


mangioma; 
compression 
myelopathy 


Therapy Result 
Laminec- 
tomy plus 
roentgen 
therapy 
Laminec- 
tomy 


Recovery 


Death 


Two lami-| Recovery 
nectomies 


6 months 
apart 
Laminec ? 
tomy 
Laminec- | Recovery 
tomy plus 
roentgen 
therapy 
1 roent 1 unim 
gen thera-| proved 
py; 2. 2.f 
laminec- 
tomy plus 
more 
roentgen 
therapy 
Laminec- | Unimproved 
tomy after 4 
months 
Death 
— Death 
Laminec- | Marked im- 
tomy and | provement 
radon 
seeds plus 
roentgen 
therapy 
~- Death due 
to “grippe” | 
Laminec- | Recovery 
tomy 
Laminec Marked 
tomy improve- 
ment 
Two lami-| Death due 
nectomies | to pyoneph- 
plus ra- rosis 
dium and 
roentgen 
therapy 
Laminec- 
tomy plus| improve 
roentgen ment 


therapy 
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Remarks 


Improvement after 
operation for 8 weeks 
followed by recur- 
rent symptoms and 
death 6 weeks later 


Profuse bleeding dur 
ing operation; atypi- 
cal roentgenogram of 
spine; residual left 
Babinski sign 


Extradural heman 
gioma; profuse bleed- 
ing during operation; 
negative roentgeno- 
gram of spine 


Profuse bleeding 
during operation 
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large arteriovenous 
angioma in spinal 
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Had attacks of coma 
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ness of one leg 


Angulation of verte- 
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lesion 


Roentgenogram of 
spine negative; epi- 
dural hemangioma 
Epidural heman- 
gioma 


Marked im- | Slight residual weak- 


ness in legs 


— 
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23 
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Author Sex Age | Location ae Diagnosis Result Remarks 
34. Ramage, D.., , and Motteass. F. j.: ‘Hee M 51 T8 Slow onset; | Vertebral | Roentgen Recovery After therapy film 
mangioma of the vertebra. Newcast.e| | duration of | hemangioma;| therapy showed increased 
Med. J., 1930, 10, 190; Hemangioma of | ro months | compression | thickness of trabec- 
vertebra: cause of compression of cord. | myelopathy | | ulae and clearer 
J. Neurol. & Psychopat’., 1932, 12, 231. | margins of body and 
| } } pedicles 
35. Zawadowski and Grabarr. Un cas sup-| F 62 T3 ‘Slow onset; | Vertebral | Roentgen Improved Gibbus of upper 
_ d’angiome des corps et arcs verte | duration of hemangioma; therapy thoracic spine 
»)raux avec compression de la moelle. Rev. | 5 months a ression 
neurol., 1932, I, 142. | yelopathy | 
36. Mufioz-Arbat, J M. Antioma vertebral y F 37 aed Slow onset; | Vertebral — Therapy refused by 
compresion medular. Rev. de arugia de | duration of hemangioma | patient 
Barcelona, 1932, 3, 521. | 6 months with com- | 
| pression of | 
| cauda equina 
37. Mossessian, Z. Un cas d’hemangiome de, F 58 Tr Slow onset; | Vertebral | Roentgen | Recovery 
la colonne vertebrale. J. de radiol., 1933, T2 duration of | hemangioma | therapy 
17, 363. T3 3 years | with cauda_ | 
T4 equina com- | 
Ti | pression 
Ls 
38 Jarzyrrski and Zawadowski; Un cas| F 66 To Slow onset; Vertebral | Roentgen | Modernate 
d’angiome d’un corps vertebral. Rev duration of | angioma; | therapy improve 
neurol., 1934, 1, 436 3 years | compression ment 
39. Michon, P., Geagoice and Lefont, J. Al F 34 T4 Slow onset; | Vertebral | Roentgen | Marked im- — 
propos du diagnostic de compression duration of | hemangioma;| therapy provement 
medullaire par hemangiome vertebral 24 years compression | 
Rev. neurol., 1935, 1, 565. with remis- | myelopathy | 
sions 
40. Porro, N. Lv emangioma s vertebrale. Arch! F 26 Ts Slow onset; | 1. Pott’sdis- | 1.immo- | 1. partial Roentgen - ted 
di radiol., 1935, 11, 143. duration of | ease. 2. ver- | bilization | remission for) not completed 
7 years tebral he- for 4 short period 
mangioma; | years. 2. 
compression | roentgen 
therapy 


to which the tumor has involved any par- 
ticular vertebra. There are cases where a 
vertebra has been involved in all of its 
portions by neoplastic tissue and the au- 
thors!*!9 did justly inquire as to why no 
signs of compression were detectable in 
such instances. It would seem that neuro- 
logic symptoms will result when the tumor 
grows subperiosteally forming an epidural 
angioma. In the “proved,” symptomatic 
group of 33 cases epidural angiomata have 
been reported 8 times (Table 1). It would 
also seem that neurologic manifestations 
will occur when a specific change in the 
shape of the vertebra takes place which 
was first described by Makrycostas!® and 
referred to by him as “Blahung”’ (blowing 
up). In these cases the high internal pres- 
sure resulting from thromboses and edema 
leads to osteoporosis which in turn, through 
static influences, causes the formation of 
new bone in the periphery of the osteoporot- 
ic area. The widening of the vertebra in 
this fashion is well shown by the histo- 


myelopathy 


pathology in our Case 1. It explains the 
peculiar bulging of a vertebra eventually 
leading to narrowing and deformation and 
even to a dislocation of the lumen of the 
spinal canal such as existed in our own case. 
Also in this connection it is interesting to 
note in our case the almost complete ab- 
sence of transformation and new formation 
of spongiosa in the section through the 
spinous process where the angioma was 
able to develop without being influenced 
by static forces. A third possible pathologic 
change that will lead to compression of the 
spinal cord is the collapse of a vertebra, a 
rare occurrence. Only 4 such cases have 
been recorded (Table 1). The chief clinical 
importance of such an occurrence lies in 
the fact that it may obscure the character- 
istic roentgenogram and erroneously sug- 
gest a diagnosis such as tuberculous spondy- 
litis or Kiimmell’s disease. 

A discussion of the relationship between 
the site of the lesion and the occurrence 
of neurologic symptoms leads us to a con- 
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sideration of the topographic distribution 
of hemangiomata in the spinal column. It 
has been stated by some authors that the 
cervical vertebrae are never involved. This 
statement must now be modified in view 
of the involvement of the lower cervical 
vertebrae in our Case 1 and in a case men- 
tioned by Geschickter and Keasbey.* How- 
ever, it is still true that affection of the 
cervical column is extremely rare. Jung- 
hanns™ discovered in his material that 
most hemangiomata occurred in the lower 
thoracic and upper lumbar vertebrae. 
Makrycostas,"® in his series of cases, found 
no hemangiomata in the cervical and upper 
thoracic (T,-T;) vertebrae. In this con- 
nection it is interesting to note that Han- 
son,’ in discussing the diminishing visibility 
of the vertebral “canals” in roentgeno- 
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grams of children and young adults, stated 
that they remain visible longest in the 
lower five or seven thoracic and in the 
upper two lumbar vertebrae. 

The topographic distribution of heman- 
giomata in the cases with neurologic mani- 
festations may easily be determined by 
reference to Table 111. The site of predilec- 
tion appears to be the midthoracic verte- 
brae (T;-Ts). The difference between the 
more frequent localization in the lower 
thoracic and upper lumbar vertebrae of 
hemangiomata in general and in the mid- 
thoracic vertebrae of hemangiomata pro- 
ducing neurologic symptoms may be ex- 
plained by simple anatomic facts. Ac- 
cording to Rauber® the most pronounced 
curving of the spinal column is found with 
the freezing method to be in the region 
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SYMPTOMATIC HEMANGIOMA OF THE VERTEBRA WITHOUT COMPRESSION MYELOPATHY 
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1934, 42, 1871. 
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ROENTGENOL. & Rap. THERAPY, 1932, 28, | | tigue of 7 years’ duration; | therapy 
372. | remissions 
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months’ duration; local- | therapy firmed by biopsy 
ized percussion tender- | 
| ness 
4. Barnard and Van Nuys:* F 42 | T0 Backache radiating to en- | I. roent- I. unim- 
} | tire body of 3 years’ dura- | genthera- | proved 
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0. Roederer, L’angiome vertébral. . Paris F 29 Ts Backache following auto- | 
méd., 1933, 87, 544; Un cas probable d’angi- | Ee mobile accident | 
ome vertébral. Bull. et mém. Soc. méd. d.| } 
hép.d. Paris, 1933, 57, 450 
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8. Livingston, S. K. Primary hemangioma of| M | 44 | L3_ | Low backache | Roentgen — | Spine injury in 
third lumbar vertebra. Am. J. ROENTGENOL.| } | therapy | childhood; multiple 
& Rap. THERAPY, 1935, 33, 381. } } arthritis 
9. ‘Lupacciolu, G. Sulla diagnosi 52 L3 Backache | 
dell’emangioma vertebrale. Ann. di radiol. e| | | | 
Sis. med., 1935, 9, 238. | 
to. Lamy, L., and Weissman, Ts L’angiome F 23 | Lt | Local pain and muscle 1.immobi-| 1. unim- | Compression of ver- 
vertébral. Rev. d’orthop., 1936, 23, 121. | | spasm after fall | lized with | proved. | tebral body with 
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vertébral. Bull. et mém. Soc. de radiol. méd.| 
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between the tenth thoracic and first lum- 
bar vertebrae. The same author gives as 
the smallest size of any cross level of an 
average vertebral column that of the mid- 
thoracic portion, the size there being 2 
cm. These facts would support the theory 
that hemangiomata of the vertebrae occur 
most frequently at the level of the most 
marked curving where the spine is sub- 
jected to strain and possibly more exposed 
to trauma, while compression myelopathy 
is apt to occur at the level where the spinal 
canal is narrowest, namely in the mid- 
thoracic region. 

The occurrence of hemangiomata in other 
body structures in association with heman- 


ence or absence of clinical symptoms, yet 
it seems that these factors cannot serve as 
an explanation for the sudden onset of 
rapid neoplastic growth in some of the 
clinically important cases. One theory ad- 
vanced has been that in these cases trauma 
in some manner acts as a stimulus causing 
the onset of rapid growth. Although in 
most case reports trauma has not been 
mentioned as preceding the onset of illness, 
yet we believe, judging from the reports of 
single cases where trauma has occurred, 
that the possibility of some connection 
should not be overlooked. It is felt that 
such an etiologic relationship should be as- 
sumed for at least some of the cases in 
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TOPOGRAPHIC DISTRIBUTION IN CASES WITH COMPRESSION MYELOPATHY (37 CASES) 


Cervical 
te 249 I 6 8 


gioma of the vertebra has been noted in 
some cases. Tépfer,™ in her 257 asymp- 
tomatic cases, discovered angiomas of the 
liver in 4. In 9 cases there was involvement 
of other bones in addition to the vertebra; 
the sternum was affected in 9 cases, the 
calvarium in 3 cases, the spongiosa in the 
upper right femoral epiphysis in 2 cases. 
Tépfer also found multiple hemangiomata 
in the spinal columns of 34 cases. In our 
group of 40 cases there were 12 with more 
than one vertebra affected. There were two 
vertebrae involved in 5 cases; three ver- 
tebrae in 2 cases; four vertebrae in 3 cases; 
five vertebrae in I case; six vertebrae in | 
case. In 8 of these 12 cases of multiple 
hemangiomata the affected vertebrae were 


adjacent to each other. The occurrence of 


multiple hemangiomata favors the con- 
genital origin of these tumors. 

While the location of the neoplasm and 
the direction of extension are admittedly 
important factors in determining the pres- 
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which the onset of symptoms immediately 
follows the occurrence of trauma. The 
latter in such instances may well be con- 
sidered as the factor responsible for the 
sudden transition of an existing “quiet” 
angioma into one producing serious dam- 
age to the spinal cord. In our Case 1 this 
would appear to be an entirely plausible 
explanation for the onset of illness. Topfer 
in her series of cases found no anatomic 
evidence of previous fractures or osteo- 
porosis. This would militate against the 
importance of trauma as a primary etio- 
logic factor. 

In her 257 cases Tépfer found only 9 
under thirty years of age; 15 were in the 
fourth decade of life, and 175 were over 
sixty years of age (Table iva). Junghanns” 
obtained similar results in his study. Of 
the examined spinal columns in his series 
the incidence of hemangioma was 3.8 per 


cent in cases less than thirty years of age 
whereas it was 14.2 per cent in cases more 


‘ 
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than sixty years of age. The cases that 
Makrycostas'® reported occurred in late 
adult life, but he searched systematically 
only bodies of persons older than fifty 
years. In contrast with the data just enu- 
merated regarding age incidence in asymp- 
tomatic cases, a study of the group with 
neurological manifestations reveals that in 
38 cases where the ages were directly or 
indirectly referred to, there were 16 cases 
under thirty years of age and only § cases 
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12 cases reported by Makrycostas con- 
sisted of 8 females and 4 males. The sta- 
tistics of Junghanns™ reveal an incidence 
of hemangiomata in 12.5 per cent of the 
spinal columns of examined women as 
compared with 8.9 per cent of examined 
men. In the series of 40 cases with neuro- 
logic evidence of compression there are 23 
females (Sg per cent) and 16 males (41 
per cent). If we compare the sex incidence 
as revealed in the group of patients under 


TaBLe IV 


AGE 


AND SEX INCIDENCE OF VERTEBRAL 


HEMANGIOMATA 


A. In Asymptomatic Cases (Tépfer’s Results) 


| Over 70 


Age 21-30 31-40 41-S0 51-60 61-70 Total | Per Cent 
Male 3 4 7 16 15 32 41 118 45.9 
Female I I 8 7 20 40 62 139 ee! 
Total 4 1s 23 72 103 
Per 2.6 96.5 
B. In Cases with Evidence of 

Age O-20 | 21-30 |“Young”’) 31-40 | 41-50 | 51-60 | 61-70 | “Old” ? Total | Per Cent 
Male 5 2 2 I 16 7 
eiaishe 4 2 3 3 3 2 4 I I 23 59. 4 
Total 9 7 3 4 5 4 5 I I 19 ¥ 
Per cent SO. 50. 


over sixty years of age (Table tvs). If we 
include the 3 cases described as “young” 
it appears that so per cent of hemangio- 
mata with evidence of compression myel- 
opathy occur under thirty years of age, 
whereas in the larger series of asymptomat- 
ic cases less than 5 per cent occur in the 
same age group. It therefore seems clear 
that age is of definite etiologic significance 
in the clinically important group of ver- 
tebral hemangiomata. 

The differing sex incidence has been 
stressed by some observers. Tépfer found 
$4.1 per cent of her cases of vertebral 
hemangiomata in females (Table 1va). The 


thirty years of age, 10 males and 9 females, 
with the older group we may conclude that 
in the former group there is a relatively 
greater incidence for males than for fe- 
males. This also appears to be true for the 
asymptomatic cases in Tépfer’s group. 
Semeiology. The clinical syndrome oc- 
curring in cases of vertebral hemangiomata 
with compression myelopathy ultimately 
presents the symptoms and signs generally 
considered characteristic of transverse le- 
sions of the spinal cord. In a few cases 
without neurologic evidence of a myelo- 
pathic process the only complaints have 
been local pain and tenderness referable 
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to the spine and in such cases: the diagnosis 
of hemangioma was established by means 
of roentgenography (Table 11). Such symp- 
toms are in most instances probably 
directly attributable to the bone lesion but 
occasionally may be early evidence of 
spinal root compression. Rarely such pain 
and tenderness may precede the clinical 
manifestations of spinal cord involvement. 
That local pain of the type just mentioned 
need not necessarily occur, and, as a matter 
of fact, has not been noted in the majority 
of cases, signifies that the bone lesion is 
usually silent until the spinal cord is en- 
croached upon. In connection with the 
latter it may also be emphasized that root 
manifestations are generally conspicuous 
by their absence. 

To be stressed in these cases is the usual 
onset with motor weakness and a sensation 
of heaviness in the lower extremities. After 
this the progression of symptoms and signs 
may take place slowly or rapidly. Objective 
sensory disturbances are noted early in 
contrast with the usually complete absence 
of subjective sensory phenomena. The 
upper level of sensory changes usually cor- 
responds to the dermatome distribution of 
the spinal cord lesion. The neurologic pic- 
ture is characterized early in the course of 
the disease by the prominence of signs 
indicating involvement of the dorsal and 
lateral columns of the spinal cord. The 
picture at this stage consists essentially of 
a spastic-ataxic paraparesis of the lower 
extremities. If the pathologic process is 
allowed to progress sufficiently then the 
signs denoting a complete transverse myel- 
opathy supervene. Sphincteric disturb- 
ances consisting of urinary and fecal incon- 
tinence as well as the onset of impotence 
are additional and usually final evidence of 
a transverse cord lesion. Minor symptoms 
of bladder dysfunction may be present 
early. The course of the illness in a consid- 
erable number of cases is marked by the 
occurrence of one or more temporary re- 
missions and these have been emphasized 
as being of diagnostic significance.! 

The duration of illness in cases where 
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there has been no or ineffectual therapeutic 
intervention has varied considerably but 
has often been surprisingly long. This 
would seem to be another indication that 
hemangiomata, in addition to showing 
remissions, may remain stationary in their 
development for many years. Prolonged 
duration of illness occurred in cases re- 
ported by Muthmann*™ and Lacey and 
Smith” and was noted in our Case 1. The 
cause of death in cases without therapeutic 
intervention is either an intercurrent infec- 
tion or more often a pyonephrosis due to 
ascending urinary infection. 

The absence of neurologic signs in the 
upper extremities in practically all cases 
is readily understandable in view of the 
fact that the incidence of hemangioma in 
the cervical vertebrae is exceedingly rare. 
The customary neurologic picture of a 
paraplegia affecting the lower extremities 
is explainable on the basis of the frequency 
of occurrence of hemangiomata in the mid- 
thoracic vertebrae. The absence of a 
Brown-Séquard syndrome in any cases 
thus far reported is noteworthy. Bilateral- 
ity of neurologic signs is a regular feature 
and is obviously: a result of spinal cord 
compression in which an almost symmetri- 
cal involvement is produced. In the rare 
instances where there is produced by extra- 
medullary compression an intramedullary 
lesion in the form of a syrinx, one would 
necessarily observe clinical signs character- 
istic of a syringomyelia in addition to the 
signs ordinarily observed. The only ex- 
ample of such a case thus far reported is 
our Case I. 

Diagnosis. In approaching the problem 
of the diagnosis of cases of vertebral 
hemangiomata causing compression myel- 
opathy, it must be realized that the clinical 
procedure is in no way different from that 
employed in all cases of suspected spinal 
cord neoplasm. Although the data obtained 
in the history and by means of a complete 
examination of the patient are not sufh- 
ciently distinctive to allow a definite diag- 
nosis of vertebral hemangioma to be made, 
yet their importance cannot be underesti- 
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mated since they provide the clues that 
point towards the probable existence of an 
extramedullary neoplasm. The anamnestic 
features which in themselves are not diag- 
nostic but which should be considered sug- 
gestive are: (1) the history of antecedent 
trauma, esnecially if the latter immediately 
precedes the onset of illness as in our Case 
11; (2) the absence of root manifestations, 
especially root pains, at the onset of illness; 
(3) the occurrence of remissions or of pro- 
longed petiods during which there is no 
evidence of progression. That the age of 
the patient may be of some significance 
diagnostically is shown in the cases re- 
ported (Table 1vs). However, age variabil- 
ity is well illustrated by our two cases. 

In the general physical examination the 
only thing that may be helpful diagnosti- 

cally, if present, is the discovery of heman- 
giomata involving other body structures 
such as the skin, skull, etc. The neurologic 
examination should establish the diagnosis 
of a transverse myelopathy and should 
fix the level of the cord lesion. Significant 
diagnostically are the early prominence of 
neurologic signs referable to the dorsal and 
lateral columns of the spinal cord, essen- 
tially in the form of a spastic ataxic para- 
paresis. The definite tendency towards 
symmetry of involvement as indicated by 
the neurologic picture is also a significant 
feature. 

Laboratory data, except for the spinal 
fluid examination, show no abnormalities 
and are of no diagnostic importance. A 
complete spinal fluid study is an essential 
diagnostic procedure in these cases since 
there is usually found early in the course 
of the disease the definite changes which 
are indicative of partial or complete block, 
namely, xanthochromia, Queckenstedt’s 
sign, increased protein, etc. The impor- 
tance of determining the presence or ab- 
sence of spinal fluid block lies in the fact 
that, if present, it favors the existence of an 
extramedullary compressing lesion. 

On the basis of the examinations thus 
far discussed, there can in any individual 
case only be a suspicion as to the exact na- 
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Fic. 8. Roentgenogram of an asymptomatic heman- 
gioma of the second lumbar vertebra showing total 
involvement of the corpus with a striated appear- 
ance and accentuation of the cortex. 


ture of the compressing lesion, although 
the latter’s existence and location should 
no longer be in doubt. It is at this stage, 
we believe, that the establishment of a 
specific etiologic diagnosis becomes de- 
pendent on the use of roentgenography. 
Previous to Perman’s™ description of the 
roentgenogram of the spine in a case later 
proved to be hemangioma of the vertebra, 
there had been no cases reported in which 
such a diagnosis had been made clinically. 
Since then the characteristic changes in 
the roentgenograms of the spine have come 
to be generally considered as pathogno- 
monic of hemangioma of the vertebra and 
a correct interpretation has enabled this 
diagnosis to be made clinically rather than 
pathologically as heretofore. The charac- 
teristic roentgenogram of a vertebral he- 
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mangioma shows a vertical striated appear- 
ance of the body of the involved vertebra 
(Fig. 8). In contrast with the striated ap- 
pearance of the corpus one observes that 
involvement of the pedicles and laminae is 
indicated by a honeycombed rarefaction. 
It would seem that the latter appearance 
is also seen in some cases where there is 
only partial involvement of the corpus and 
may possibly precede the stage represented 
by the vertical striations in which there 
is a total involvement. The importance of 


roentgenograms have been described (Table 
1). A likely explanation for the latter is the 
fact that approximately one-third of the 
vertebral body must be involved before 
changes are visible roentgenographically. 
It must also be pointed out that in those 
cases where involvement of a vertebra is 
limited to the pedicles and/or the laminae, 
roentgen changes can readily escape ob- 
servation, especially in the anteroposterior 
views. There has as yet been no report of 
a case in which the typical roentgenogram 
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RESULTS OF THERAPY (29 CASES) 


Recovery Improved 
3 3 
y plus 
roentgen therapy 
2 3 


Unimproved Death Unknown 


2 6 I 


1* 


* Asingle case reported by Stuhl in which the initial treatment consisted of roentgen therapy. 


recognizing the honeycombed appearance 
(Fig. 7) as being due to hemangioma is 
illustrated by our Case 11 in which it was 
the only change observable, vertical stria- 
tions being absent. In addition to the roent- 
genographic evidence of changes in the 
total density of the vertebra there may 
also be observed an alteration in the out- 
line of the affected vertebra. This consists 
of enlargement of the affected portions of 
the vertebra, as shown by a broadening of 
the pedicles or by a replacement of the 
usual concave border of the corpus with 
a convex border. Only rarely is evidence 
of spread beyond the confines of the verte- 
bra or collapse of a vertebra observed. 

The lesion as observed in the roentgeno- 
gram is an excellent representation of the 
actual pathologic alterations observed upon 
examination of the involved vertebra. It 
has been noted by some observers that the 
typical roentgenographic changes as de- 
scribed above were not present in their 
cases of proved vertebral hemangiomata of 
the vertebra and in other cases normal 


as noted above was later proved to be the 
result of a lesion other than a hemangioma. 
The remarkable positive specificity of the 
roentgenogram in the cases where verifica- 
tion has been possible cannot but empha- 
size the importance of routine roentgenog- 
raphy of the spine in all cases of transverse 
myelopathy. Our 2 cases well illustrate the 
importance of the roentgen examination in 
diagnosis. In Case 1 a roentgenogram of 
the cervical spine taken in 1921 (before 
Perman’s report) showed vertebral changes 
which were not interpreted as being signifi- 
cant pathogenically. In Case 11 a roent- 
genogram of the thoracic spine taken in 
1933 (after Perman’s report) showed 
changes in the eighth thoracic vertebra 
which were correctly interpreted and made 
possible the clinical diagnosis of heman- 
gioma of the vertebra. 

The various procedures to be used in 
making a differential diagnosis have al- 
ready been discussed. Even though initially 
a large number of conditions must neces- 
sarily be considered in the presence of a 
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compression myelopathy, with the aid of 
a roentgen examination the correct clinical 
diagnosis should be possible in nearly all 
cases. Potentially confusing | in arriving at 
a correct clinical diagnosis in certain rare 
instances would be such neurologic features 
as: (1) the presence of a myelopathy simu- 
lating intrinsic disease of the cord, although 
actually produced by extramedullary com- 
pression (shown in our Case 1); (2) the 
existence of compression at more than one 
level of the spinal cord due to multiple 
hemangiomata of the vertebrae (shown in 
our Case 1). Also confusing roentgenologi- 
cally in rare instances would be the occur- 
rence of a pathologic fracture in an affected 
vertebra. 

Treatment and Prognosis. A discussion 
of therapy in cases of hemangioma of the 
vertebra is best approached through a con- 
sideration of the cases that have been spe- 
cifically treated thus far. Viewed in this 
manner the treated cases are divisible into 
three groups (Table v): (1) cases treated 
solely by means of operative intervention 
(laminectomy); (2) cases treated solely by 
means of radiotherapy; (3) cases treated 
by means of laminectomy plus radiother- 
apy. Of the 40 cases of vertebral hemangio- 
mata with compression myelopathy, there 
have been reported a total of 29 cases 
which received specific therapy in one form 
or another. 

In considering the effects of therapy, it 
may be noted that a total of 23 cases was 
operated upon and of these 8 received 
postoperative roentgen therapy. For a 
statistical evaluation of operative therapy 
it would seem best to use the total of 2 
cases thus treated, but it must be kept in 
mind that the benefit derived from com- 
bined therapy has been necessarily in- 
cluded. Analyzed in this manner, it is found 
that the mortality rate following operation 
has been 26.1 per cent (6 cases) which is 
considerably less than that previously re- 
ported. Recovery has been reported in 

34-8 per cent (8 cases); condition improved 
in 17. 4 per cent (4 cases); condition unim- 
prov ed | in 13.0 per cent (3 cases), and in 
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8.7 per cent (2 cases) the outcome was not 
reported. 

There has been a total of 14 cases which 
received roentgen therapy and of these 7 
were treated solely by this form of therapy, 
while the remaining 7 were given roentgen 
therapy postoperatively. In the former 
group recovery occurred in 28.6 per cent 
(2 cases); condition improved in 42.8 per 
cent (3 cases); condition unimproved in 
14.3 per cent (I case); outcome unknown 
in 14.3 per cent (1 case). In the latter 
group recovery occurred in 71.4 per cent 
(5 cases); condition improved in 14.3 per 
cent (1 case); condition unimproved in 
14.3 per cent (1 case). 

The value of radiotherapy has been 
demonstrated conclusively in the few cases 
where it has been used alone, and its value 
can only be estimated in the cases where 
it has been used subsequent to surgical in- 
tervention. It is interesting to note that, 
although marked clinical improvement has 
followed radiotherapy, still the bone lesion 
observed on successive roentgenograms 
shows little or no demonstrable change. In 
some instances, following radiotherapy, 
there seems to be an increased prominence 
of trabeculation, possibly indicating new 
bone formation as a reparative process, 
but this never proceeds to any great extent, 
apparently soon becoming stationary as 
shown in our Case I. 

In considering the results of therapy as 
indicated by the statistics given, it would 
seem that fairly definite principles can be 
used as a guide in determining the mode 
of therapy in any individual case. We feel 
that in those patients who show signs of 
marked compression myelopathy or evi- 
dence of rapid progression, the procedure 
of choice should be one affording immediate 
relief through a plastic decompression 
(i.e., laminectomy) to be followed by a full 
course of postoperative roentgen therapy. 
On the other hand, in those patients who 
show evidence of having a mild compres- 
sion myelopathy or in whom progression 
appears to be slow, there would seem to be 
no doubt that roentgen therapy should 
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be the form of treatment instituted first. 

The beneficial effect that may be ex- 
pected as a result of properly instituted 
therapy is well ilkustrated in Case nu. In 
this case the initial treatment consisted of 
operative intervention directed specifically 
to alleviate a compression myelopathy, the 
cause of which had already been diagnosed 
as a vertebral hemangioma. Following op- 
eration, roentgen therapy was administered 
in the following manner. The initial course 
was given from July 19, 1933 to August 1, 
1933 and consisted of 2,000 r, in air, which 
was directed over two portals so as to 
cross-fire the spine between the sixth and 
tenth thoracic vertebrae. Other factors 
used were: 200 kv., 30 ma., focus-skin dis- 
tance 50 cm., filter of 0.5 mm. Ag (= 2 
mm. Cu) plus 1 mm. Al. The fields were 
7X18 cm., and the average dosage per 
treatment session was 330 r. A second 
course of roentgen therapy was adminis- 
tered between January 22 and February 3, 
1934. The dosage was also 2,000 r, with 
the same fields and the same factors noted 
above. No further roentgen therapy was 
given. In spite of the immediate untoward 
reaction following operation, this patient 
showed remarkable improvement clinically 
with almost complete restoration of func- 
tion. 


SUMMARY AND CONCLUSIONS 


1. Two cases of hemangioma of the ver- 
tebra with compression myelopathy are 
described. In one case post-mortem exami- 
nation revealed: multiple hemangiomata of 
the vertebral column; compression myelop- 
athy at two widely separated levels; a 
syrinx in the lower cervical cord cephalad 
to an area of compression; evidence of new 
blood formation in the liver. Various theo- 
ries as to the etiology and pathogenesis of 
syringomyelia are briefly discussed. The 
production of a syrinx in this case is con- 
sidered to have probably been due to an 
interference with the vascular supply of 
the cord as a result of extramedullary com- 
pression. 

2. Pathologic investigations have shown 
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that hemangiomata of the vertebrae are 
surprisingly frequent in occurrence, the 
incidence being approximately 10 per cent. 
They are probably congenital in origin 
starting as a developmental anomaly dur- 
ing the formation of the vertebral venous 
plexus. The vast majority of these heman- 
giomata remain asymptomatic. These 
asymptomatic vertebral hemangiomata 
seem to be characterized by such features 
as: (1) low incidence of less than 5 per cent 
during the first three decades; (2) site of 
predilection in the lower thoracic and 
lumbar vertebrae; (3) tendency to be lim- 
ited to the corpus of a vertebra. 

3. In rare instances vertebral heman- 
giomata may produce narrowing of the 
spinal canal by extravertebral (epidural) 
extension, by vertebral expansion or by 
vertebral compression. There have been 
reported 40 cases in which compression 
myelopathy has occurred, in 33 of which 
the diagnosis was verified by histopatho- 
logic study. This relatively small group of 
vertebral hemangiomata with neurologic 
manifestations shows some features con- 
trasting with those in the asymptomatic 
group. These are: (1) relatively high inci- 
dence of approximately 50 per cent during 
the first three decades; (2) site of predilec- 
tion in the midthoracic vertebrae; (3) tend- 
ency to extensive involvement of the ver- 
tebra including arches and laminae as well 
as the corpus. The importance of these 
features are discussed in relation to the 
pathogenesis of compression myelopathy. 

4. A review and tabular analysis of the 
40 Clinically important cases of vertebral 
hemangiomata show that the semeiology 
is essentially that of a transverse myelop- 
athy. The onset of illness may occur sud- 
denly or insidiously and is usually marked 
by the absence of root pains. The course is 
not infrequently marked by remission or 
lack of progression. Objectively there is an 
early prominence of neurologic signs refer- 
able to involvement of the dorsolateral 
portions of the spinal cord. The diagnosis 
of an extramedullary compressing lesion 1s 
made on the basis of the clinical symptoma- 
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tology and the spinal fluid findings. By 
means of roentgenography of the spine, 
which in nearly all cases shows pathogno- 
monic alterations in the appearance of the 
affected vertebra, it is possible to establish 
an etiologic diagnosis clinically. The im- 
portance of roentgenography as an aid in 
the clinical diagnosis of these cases is 
emphasized. 

5. On the basis of a statistical evaluation 
of the cases which have been treated it is 
concluded that therapy in the symptomatic 
group of hemangiomata should consist of 
radiotherapy alone in the less severe cases 
and of a plastic laminectomy with postop- 
erative radiotherapy in those cases with 
evidence of marked compression myelop- 
athy. As a result of specific and adequate 
therapy there have already been reported 
a considerable number of cases in which 
recovery or marked improvement has been 
the outcome. The authors’ second case is 
illustrative of the important advances that 
have been made in diagnosis and therapy 
in recent years. 

6. In view of the opportunity available 
for satisfactory diagnosis and treatment, 
hemangioma of the vertebra, formerly of 
interest to the pathologist only, now also 
merits the interest of the neurologist, roent- 
genologist and neurosurgeon. 
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EXPERIMENTS ON THE PRODUCTION OF 
SPINAL DEFORMITIES BY RADIUM* 


PART If 
By D. ENGEL, M.D., L.R.C.P. 


EDINBURGH, SCOTLAND 
With the technical assistance of 
ANGE RICHER, M.D. 


SHANGHAI, CHINA 


GOOLioss, the most difficult problem 
of orthopedic surgery, has been the 
subject of an extensive literature and still 
many of the fundamental questions are 
unsolved. This is the conclusion arrived at 
by Putschar® in the latest comprehensive 
survey on bone pathology. One may ex- 
clude from this generalization certain types 
of spinal deformities, for instance the con- 
genital and the paralytic. The first is 
known to be due to a congenital malforma- 
tion—often wedge-shaped—of one or sev- 
eral vertebral bones (Putti, Bohm), the 
latter to an unbalanced distribution of 
muscular power. 

The most disputed question is the etiol- 
ogy of the so-called idiopathic curvatures 
which, according to some authors, repre- 
sent 80 per cent of spinal deformities. 

The majority of orthopedists now hold 
the opinion (Schede, Port, and others) that 
these deformities develop as a result of 
rickets, the point of attack being the ver- 
tebral bone. The intervertebral discs of 
young scoliotics have been found normal 
in their histological appearance by Schmorl 
and Junghanns. Kozlovosky found in his 
anatomical and roentgenological studies 
that 80 per cent of the scoliosis cases are 
due to a congenital deformity of the fifth 
lumbar or other vertebral bones. 

These few extracts from the literature 
should demonstrate what an importance 
is attributed to a primary deformity of the 
vertebrae in the etiology of spinal deformi- 
ties. But even if the bone deformity is 
considered as a secondary feature to an- 


other primary cause, it remains a fact that 
in advanced cases the conical form, of the 
vertebrae plays an integral part. ‘ 

The therapy of spinal deformities is just 
as unsettled and unsatisfactory as the'ques- 
tion of their etiology. In particular, those 
advanced cases, where a conus form of the 
vertebrae has already developed, resist any 
therapeutic effort. The best that can be 
achieved in such cases, as a rule, is an 
arrest of the progress of the process. 

For the reason above mentioned, it seems 
logical that any radical therapy of spinal 
deformities has to make the point of attack 
the vertebral bone. 


PROBLEM 


Our experiments lay in the direction of 
discovering whether it is possible to pro- 
duce deformities on a circumscribed spot 
on the spine of growing animals by a prac- 
tical method. It was clear that if this could 
be done, the same method might be used 
for counteracting deformities already exist- 
ing. I have mentioned that spinal deformi- 
ties are due chiefly to deformities of the 
vertebrae rather than of the intervertebral 
discs. It is assumed for the sake of sim- 
plicity that the vertebral column consists 
of rectangular bones; a sideways deviation 
can be achieved by transforming one or 
more of the rectangles to a trapezium or 
trapezoid. The accompanying diagram (Fig. 
1) makes our meaning clear. If a equals 4 
throughout the whole column we get a 
straight vertebral line, but if on one of the 
vertebrae a is different from 4, the result 


* A preliminary report of this paper was presented before the Congress of the Chinese Medical Association in Nanking in 1934 and the 
Society of German Speaking Physicians in Shanghai in December, 1934. 
T Part II appeared in the British Fournal of Radiology, 1938, 11, 779. 
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will be a deviation from the straight line 
with an angulation towards the shorter 
side, in our sketch d. 

The difference in the two sides can be 
achieved either by retarding the process 
of growth on one side of the quadrangle or 


Fic. 1. The radium, Ra, acting on the side of 4 stops 
the growth of this side (4=d), while a continues 
to grow (c>a). The result is a wedge formation. 
The vertebral column before (left) and after 
(right) growth. 


by increasing it. For practical reasons I 
have chosen the former way. 

It is a known fact that growing and de- 
veloping tissue is electively radiosensitive. 
In bones it is consequently the epiphyseal 
cartilage which responds most to irradia- 
tion. This has been established not only 
by earlier experiments, but also by ob- 
servations made by radiotherapy of bones 
when a longer exposure of the epiphysis 
was necessary, e.g. in cases of tuberculosis. 
A retardation in development was the re- 
sult. We made use of this experience in our 
experiments. 

The first observations concerning inhibi- 
tion of bone development by roentgen ir- 
radiation were made by Perthes. He 
treated one wing of one-day-old chickens 
by roentgen rays. After twelve days, the 
humerus on the treated side was shorter 
than that of the control side by 1 mm., the 


radius by 3 mm. and the metacarpus by 
2-3 mm. 

Similar results have been achieved in 
cats and rabbits by Récamier, but he 
found no influence by roentgen rays on 
bones of grownup animals. He recorded the 
fact that on histological examination the 
epiphyseal cartilage was broadened. 

Iselin and Dieterle found that the short- 
ening of the bones by roentgen treatment 
is more pronounced, the younger the ani- 
mals and the greater the roentgen dosage. 

The observations of Férsterling in dogs, 
goats and rabbits are similar (irradiation 
of twenty minutes’ duration, from 20 cm. 
focus distance, no filter). He found shorten- 
ing of 8 cm. in the leg of an eight-day-old 
dog, irradiated for twelve minutes, after 
the lapse of seven and a half months. 

Segale experimented on rats by using 
roentgen rays and radium; small doses re- 
sulted in a retardation, large doses in a 
complete arrest of growth. Development 
of deformities has also been recorded. 

Hoffmann thinks that 40 per cent of the 
skin erythema dose is sufficient to produce 
a retardation of bone development, even 
in older animals—a figure which is con- 
sidered too low by W. Miiller. In certain 
cases where I0 to 20 per cent of the skin 
erythema dose was used, Hoffmann found 
an increase of growth at the beginning of 
his observations, but at the end a retarda- 
tion in growth often followed. He came to 
the conclusion that the larger the dosage, 
the greater the inhibition in growth; no 
mathematical proportion could be estab- 
lished. The “toxic dose” and the “lethal 
dose” of roentgen rays are far apart. The 
inhibition in growth follows as an absolute 
rule if the suitable dosage is applied. 

Flaskamp, giving a survey of the litera- 
ture of roentgen and radium injury, comes 
to the conclusion that the young and de- 
veloping bone is susceptible to roentgen 
injury; the damaging dosage for a suckling 
being about 25 per cent, that of a child 
about 50 per cent of the skin erythema 
dose. The bone of an adult is highly radio 
resistant. 
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The selective affinity of the bone mar- 
row to radioactive substances observed in 
painters of luminous dials and confirmed 
in experiments on rats can be disregarded 
in our experiments (Martland, Thomas, 
Bruner, and others). 

As far as can be ascertained from the 
literature, no attempt has been made to 
produce or to correct deformities of bones 
in general or of the spine in particular by 
radium. After a preliminary publication of 
our experiments,*® Wittek (Graz) called my 
attention to two of his cases reported 
before the German Orthopedic Society in 
1922 at Breslau. He tried to injure the 
epiphyseal plate of two scoliotic patients 
by scooping out a part of one vertebra on 
one side. In one of the two cases he ob- 
tained a satisfactory result. The other case 
did not respond to his treatment. He de- 
plores the fact that no experiments have 
been carried out on this subject. I hope that 
this gap has been filled by the experiments 
to be described. 

But let us first recall the normal develop- 
ment of the vertebrae. The body of the 
vertebra consists of a central larger nucleus 
which has already appeared in the third 
embryonal month, and of an epiphyseal 
plate (knorpelige Schlussplatte der Band- 
scheibe), which is partly strongly adherent 
to the intervertebral disc and partly joined 
to preformed grooves of the body. The 
lengthwise development of the vertebra 
takes place in the central layer of this epi- 
physeal plate g, Figure 2. It is to be con- 
sidered as analogous to the epiphyseal 
cartilage of the long bones. This cartilage 
joins on the other side, as is seen in Figure 
2, to the intervertebral disc. Between the 
ages of six to eight years in girls and seven 
to nine years in boys, there appears some 
degree of calcification, first in the margin, 
later in the whole length of the epiphyseal 
plate which develops into a calcified ring 
at the age of twelve. It is only at the age of 
fourteen to fifteen years that this ring 
unites with the body of the vertebra. 
Figure 2 gives a detailed explanation of the 
condition. 
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As has been already mentioned, my aim 
was to injure one-half of the epiphyseal 
cartilage by exposing it to radioactive in- 
fluence. I thought that roentgen rays would 
be unsuitable for this purpose, their action- 
radius and the dispersion being too large, 
and decided to use radium instead. 
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Fic. 2. Sketch of a sagittal section through an inter- 
vertebral disc and the adjacent vertebral bones. 
d and v represent the dorsal and ventral side of 
the intervertebral disc, with its nucleus pulposus 
and concentric fibers around, connecting the disc 
with the two epiphyseal plates, ep, which stretches 
between the two dotted lines. The line g represents 
the productive zone. The two dark spots in the 
ventral and dorsal groove are ossification points, 
o (taken from Schmorl). 


If one exposed one side 4 of the vertebra 
to radium action, so that side 4 remains un- 
affected, and the radium injures only half 
the side of the epiphyseal plate, one ought 
to achieve an arrest, or at least a retarda- 
tion, in the growth of 4(4 =d); the opposite 
unexposed side continues its normal growth 
(c>a) (see Fig. 1). 


EXPERIMENTS 


Technique. Young goats of the age of three 
weeks, dogs and rabbits of four weeks were 
used. Two radium needles were placed by trans- 
cutaneous insertion so that they lie parallel to 
the sagittal line underneath the transverse 
process about 1 cm. from the middle line and 
are in direct contact with the body of the 
vertebra. The technique is similar to that of 
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Fic. 3. Goat No. 10. Radium needles during treat- 
ment. Frontal and lateral views. 


Fic. 4. Goat No. 10. After thirty-five days. Fourth 
lumbar vertebra damaged. 


splanchnic anesthesia; the needles were pushed 
in by means of a special hook. The two needles 
were attached to a thread so that later on they 
could be easily extracted. They contained 2 mg. 
of radium each, insulated by a platinum filter 
0.5 mm. thick. They were 2 cm. long, 3 mm. 
thick, and were left in the described position for 
sixty hours. Two similar needles containing no 
radium were used by the same method on the 
control animals. The animals stood the treat- 
ment well without any harm being noticed ex- 
cept a minor localized necrosis of the muscles. 


Fic. 5 Fic. 6 
Fic. 5. Goat No. 10. Fifty days after irradiation. 
Right convex scoliosis. 
Fic. 6. Goat No. 10. Three months after irradiation. 


Wedge formation (<) of the 4th lumbar vertebra. 
Right convex scoliosis with compensation above. 


The observations on some animals lasted for 
over a year. The action of the radium has been 
followed by roentgenograms. An interrupted 
series of one animal and some typical roentgen- 
ograms of others will be reproduced. 

Goat No. ro. A roentgenogram of the skeleton 
of a three weeks old goat, before the treatment 
with radium, shows that the vertebral column 
is normal and without deformity. 
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Figure 3 (March 7, 1933) shows radium 
needles during application at the level of the 
3rd and 4th lumbar vertebrae on the left side 
quite close to them in the anteroposterior and 
also in the lateral view. 

Figure 4 (April 12, 1933) shows some rarefac- 
tion at the left side of the junction between the 
3rd and 4th lumbar vertebrae and also slight 
angulation towards the right. The structure of 
the rest of the other vertebrae seems un- 
changed. No change can be noted in the lateral 
view. 

Figure 5 (May 15, 1933) shows definite 
scoliosis, the lower part of the lumbar region 
being convex to the right. There is a slight 
compensation to the left, above. The 4th lum- 
bar vertebra shows a change of shape from 
oblong to rhomboid. In the left upper angle 
there is a change of structure; its outline is 
rather hazy. The upper left edge of the 3rd 
vertebra shows a similar appearance. The 3rd 
lumbar vertebra shows a slight wedging in 
the lateral view. 


Fig. 7. Goat No. 10. Four and a half months after 
irradiation. Scoliosis progressing. Wedge more 
evident. 
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Fic. 8. Goat No. 10. Twelve months after irradia- 
tion. Note the sliding of the upper edge of the 4th 
lumbar vertebra, the atrophy of the transverse 
process, the lower half of the vertebra and the 
intervertebral space unaltered. Definite dextro- 
convex scoliosis at the level of the 4th lumbar 
vertebra with marked compensatory scoliosis 
above (Frontal and lateral view.) 


Figure 6 (June 15, 1933). The lower part of 
the spine shows a very definite scoliosis, with 
convexity to the right at the level of the 3rd 
to 4th lumbar vertebrae and a slight compensa- 
tion above. There is no change in the interver- 
tebral space. The fourth vertebra gives a def- 
inite rhomboid shape and a wedging towards 
the left. The epiphyseal plates of the vertebrae 
away from the irradiated area show a calcifica- 
tion resulting in a sharp outline. This dimin- 
ishes as the irradiated area is approached, at 
which point there is an almost complete lack 
of calcification and a very hazy outline. The 
left upper corner of the 4th vertebra is almost 
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Fic. 9. Goat No. 10. Photograph of the specimen, 
posterior view. 


completely missing. No sign of deformity on 
the lateral view. 

Figure 7 (July 20, 1933) shows evidence of 
the changes previously noted in an exaggerated 
form—complete lack of calcification of the 4th 
vertebra right upper corner; very hazy outline. 
Left side of the 4th vertebra considerably 
shorter. 

In aroentgenogram taken on September 12, 
1933, the scoliosis is still more accentuated, the 
difference in the calcification of the epiphyseal 
plates between the irradiated and non-irrad- 
iated vertebrae being still more marked. The 
left upper corner of the 3rd vertebra collapses. 
The outline of it is quite sharp at this stage. 
A roentgenogram taken after nine months 
shows the deformity in progress, the wedge 
shape of the 4th lumbar vertebra very marked, 
3rd lumbar vertebra also somewhat deformed. 
No pathological change on lateral view. 

Figures 3~7 are unfortunately not as clear 
as would be desirable, but it is very difficult 
to make them better in the living animals. The 
intestines filled with fecal matter give an in- 
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tensive shadow. We therefore took a roentgeno- 
gram of the final state of the specimen of the 
spine, twelve months after radium treatment 
(Fig. 8). 

Figure 8 shows a marked dextroconvex sco- 
liosis with an angulation between the 3rd and 
4th lumbar vertebra of 152°. There is a com- 
pensatory sinistroconvex curvature above the 
4th lumbar with angulation between the 3rd 
and 2nd lumbar vertebra of 160°. Measuring, 
we find that the right side of the 4th lumbar 
vertebra is 27 mm. in length, while that of the 
left side is only 20 mm. We see also that the 
left transverse process is much less developed 
than the right one; it is thinner and shorter. 
The little shadow above the left transverse 
process corresponds to the articular process. 
There is also a small defect on the left lower 
edge of the 3rd lumbar vertebra. Comparing 
the length of the right edge of the 4th lumbar 
vertebra with that of the others, we find no 


Fic. 10. Goat No. 10. Same as Figure g, anterio! 
view. (The pointed cartilaginous 4th transvers 
process is undeveloped on account of the radiun 
treatment, the sth was broken off during th: 
maceration.) 
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difference between them (27 mm.). The other 
vertebrae are normal in shape and size. There 
is marked decalcification of the left upper cor- 
ner of the 4th lumbar vertebra. There is no 
evidence of deformity on the lateral view. 

The specimen, after being put in formol 
solution, is cleaned of the muscles, so that only 
the skeleton is left, with the ligaments and 
intervertebral discs, keeping the column in its 
original shape. A photograph of the specimen 
is shown in Figures 9 and Io. 

We mentioned above the great difference in 
the lengths of the left and the right sides of 
the 4th lumbar vertebra and the hypoplasia 
of the transverse process of the corresponding 
side. Measurements on the specimen confirm 
these findings. Examining the specimen in the 
posterior and in the lateral view, we see a con- 
siderable atrophy of the whole left side of the 
vertebral arch. The articular process is half the 
size of the right one. The left posterior part, 
as a whole, is narrower and shorter. While 
there is a small difference in the size of the 
lower part of the body, it is considerable in 
the upper part exposed to radium. Also, the 
left intervertebral foramen is considerably 
smaller; 8 mm. is its longest diameter, while it 
is 11 mm. on the right side. 

If we compare the measurements of the first 
roentgenogram (Fig. 3) and those of Figure 10 
which coincide with the real measurements of 
the specimen, we arrive at some interesting 
results. We take for granted that under normal 
conditions the vertebra grows equally from the 
upper and lower epiphyseal plates. The length 
of the 4th vertebra at the time of the radium 
application was 12 mm. The final length of the 
unexposed right side is 27 mm. This means that 
each epiphyseal plate produced a growth of 
7.§ mm. or 15 mm. together. The final length 
of the left irradiated side of the vertebra being 
20 mm., there was only a total increase of 8 
mm., which means a difference of about 50 
per cent in comparison with the non-exposed 
right side. In view of the above described shape 
of the bone, especially in view of the distance 
from the upper edge to the base of its transverse 
process, we are entitled to presume that prac- 
tically only the lower epiphyseal plate was 
responsible for the growth of the left side. If 
we add 7.5 mm. to the original length of 12 
mm., we arrive roughly at the final length of 
the exposed side (20 mm.). This would mean 
that, from the date of the radium exposure, 
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the upper epiphyseal plate stopped almost en- 
tirely participating in the bone formation and 
the whole increase of 8 mm. is due to the pro- 
duction of the lower epiphyseal plate (see 
Fig. 11). 

As a control to Goat No. 10, we have re- 
peated several times the same procedure under 
exactly the same conditions, the only difference 
being that the needle used was of plain steel of 
the same shape and size, containing no radium. 
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Fic. 11. Sketch showing the measurements of the 
4th lumbar vertebra before treatment (inner 
quadrangle) and at the final stage (outer line). 
See text. 


The control animal thus treated has not de- 
veloped any pathological changes in the spine. 
As we shall see, even a needle left for seven 
months close to the vertebra does not influence 
bone formation either by its presence or by the 
traumatization connected with its insertion. 
The first experiment is repeated with some 
modifications in the dosage: 

Eight goats, all aged three weeks (from three 
mother animals) were used. One or two radium 
needles of the same quality as in the first ex- 
periment were applied in the same manner on 
one or both sides of the spine, at the level of 
the 3rd to 4th lumbar vertebra. Some of the 
animals did not reach the age desired on 
account of unfavorable experimental circum- 
stances. Nevertheless, the results were exactly in 
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accord with our expectation and confirm the 
results of the first experiment. 

Goat No. 6. On April 27, 1934, two radium 
needles of 2 mg. content each, were applied 
on the right side of the vertebral column for 
three days. Figure 12, taken on the day of 
application, shows that the radium needles in 
frontal and lateral view are at the level of the 
2nd to 4th lumbar vertebra. The 2nd and the 
4th lumbar vertebrae are exposed to the action 


of the 3rd lumbar vertebra. The bone structure 
of the right upper corner is hazy, as is also, but 
to a smaller extent, that of the right lower 
corner. Similar changes are to be detected on 
the upper right side of the 4th lumbar vertebra. 
The right edge of this vertebra is 18 mm., the 
left one 21 mm. long. There is only a negligible 
difference between the right and left sides of 
the 2nd lumbar vertebra whicl: appears normal 
in structure and shape. 


Fic. 12. Goat No. 6. Radium needles during treatment at the level of the 
right 2nd to 4th lumbar vertebra, frontal and lateral view. 


of,only one needle, by a slight displacement, 
the 3rd Jumbar vertebra to both. 

Figure 13, taken on July 24, 1934 (after 3 
months) shows’a very marked sinistroconvex 
scoliosis (radium applied on the right side) of 
the spine with angulation at. the level of the 
3rd lumbar vertebra and compensatory curva- 
ture above. Especially the 3rd lumbar vertebra, 
which was exposed to both needles, is of the 
shape of a trapezoid. The length of its left side 
is 20 mm., that of the right 16.5 mm., both 
measured on the roentgenogram. There is 
consequently a convergence of the upper and 
lower edges of this vertebra with a wedging of 
the intervertebral discs above and below the 
vertebra: decalcification of the upper corner 


The lateral view of the spine does not reveal 
any marked change in the size or shape of the 
3rd lumbar vertebra, except that the outline 
of its two epiphyseal plates is irregular. 

The animal was observed until November 
10, 1934, when it died spontaneously. The 
scoliosis of the spine was already macroscopi- 
cally plainly visible, even more than in Goat 
No. 10. No roentgenogram was taken at a later 
date. 

Goat No. 7. A similar experiment to the pre- 
vious one, carried out under similar conditions, 
with the same amount of radium, led similarly 
to a positive result. Although roentgenograms 
taken after three and seven months reveal no 
definite asymmetry in the spine and no patho- 
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logical changes in any of the vertebral bones, 
they are very marked on the specimen. The 
roentgenogram taken with the radium needles 
in position shows that the needles are farther 
away from the spine than in the previous 
experiments. 

The whole spine was put in formol solution; 
it was then boiled in a solution of caustic soda 
and cleaned of all the muscles. By the boiling 
process the specimen becomes over-extended in 
the dorsal sense. It is possible that a pre-exist- 
ent deformity is exaggerated by the boiling. 
There is a definite scoliosis of 160° and a 
marked lordosis of the specimen. The shape 
of all other vertebrae except the 2nd lumbar 
vertebra is normal. The 2nd lumbar vertebra 
has the form of a trapezoid. The length of the 
right side is 18 mm., that of the left 20 mm. 
There is very marked destruction of the dorsal 
part of the vertebra. The spinous process is 


Fic. 13. Goat No. 6. Three months after treatment. 
Sinistroconvex scoliosis. Wedge shape of the 3rd 
lumbar vertebra (irradiated right side much 
shorter). Right upper corner of the 4th and also 
the right lower corner of the 2nd lumbar vertebra 
damaged. Compare with position of the radium 
needles in Figure 12. 
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Fic. 14. Goat No. 4. Radium needles during treat- 
ment, frontal and lateral view. Needles not in 
direct contact with the spine. 


barely half the size of those of the other ver- 
tebrae; it is curved in the sagittal sense. The 
right vertebral arch is shrunk to one-third of 
its original size. There is consequently a marked 
lordosis. The intervertebral foramen is almost 
entirely obliterated. The destruction of the 
corresponding left side is much smaller. 

Comment. The fact that we obtained a lor- 
dosis rather than a scoliosis, as intended, is 
probably due to the slipping of the needles into 
a wrong position in the moving goat. One could 
not see many changes on the roentgenogram of 
the living animal in spite of the extensive de- 
struction of the posterior part of the vertebral 
bone. The shrinking effect of the boiling has 
certainly exaggerated the deformity and helped 
the bone to collapse more than in the living 
animal. 

Goat No. 4. The same experiment as in Goats 
No. 6 and No. 1 was performed, the only differ- 
ence being that the two radium needles were 
left for four instead of three days (Fig. 15). 
Unfortunately, the goat was bitten fatally, 
exactly six weeks after radium exposure, by 
another animal. The roentgenogram shows the 
two radium needles in position. They are not 
in close contact with the bone. 

Roentgenogram of the specimen after six 
weeks showed left convex scoliosis of the spine 
(radium exposure on the right side) with angu- 
lation at the level of the exposed lumbar 
vertebra of minor degree. Shortening of the 
right edge of the 4th lumbar vertebra, irregular 
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Fic. 15. Goat No. 4. Result after six weeks. Right 
upper corner of the"4th lumbar vertebra damaged. 


formation and wedging of the right upper angle. 

For the histological examination of the speci- 
men, see Figures 21 to 26. 

Comment. There was not so much time for the 
development of a more marked deformity as in 
the previous cases, nevertheless we see the 
beginning of it clearly. 

Goat No. 9. This experiment was identical in 
every respect with that of Goat No. 6 (two 
radium needles from April 27, 1934 to May 1, 
1934 on the right side of the vertebra). Animal 
killed on June 1, 1934. The spine was damaged 
by a rodent; the irradiated vertebra was un- 
touched. Figure 14 shows the radium needles 
during application. We see that they are located 
just on the border of the 3rd to 4th lumbar 
vertebra, with their axis lying this time about 
go® to the sagittal line, instead of parallel as 
desired. Nevertheless, or possibly on account of 
that, the effect of the radium is very striking 
after only four weeks. Figure 15 shows the re- 
sult. 

On account of the damaged upper part of 
the spine we cannot see the scoliosis; all the 
more evident is the deformity of the 3rd and 
4th lumbar vertebrae, exactly at the place 
exposed to the radium. The lower corner of 
the 3rd and the right upper corner of the 4th 
vertebra are missing as if they were cut off. 
There is no epiphyseal plate visible at the right 
upper end of the 4th lumbar vertebra. The right 
transverse process of the 4th lumbar vertebra 
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is half the size of the normal. The left edge of 
the 3rd and 4th lumbar vertebra measures 21 
mm., the right one 19 mm. 

Goat No. 5. One radium needle of the same 
quality as above was applied on the right, 
another on the left side of the 3rd lumbar 
vertebra, for four days at the same level (Fig. 
16). The idea of this experiment was to paralyze 
the effect of one radium needle by that of the 
other side. Animal killed thirty-seven days 
after the radium application. The roentgeno- 
gram taken post mortem shows that no scoliosis 
has developed. The 3rd lumbar vertebra is of a 
trapezoid shape, the right edge being 17 mm., 
the left one 19 mm. long. The left edge is of 
the same length as that of the bordering ver- 
tebrae. We see a retardation in the develop- 
ment of the right side of the vertebra, while the 
left side is normal in shape and size. 

Comment. The roentgenogram taken with the 
two radium needles in situ gives an explanation 
for the asymmetrical shape of the 3rd vertebral 
bone. The right needle is much closer to 


Fic. 16. Goat No. 5. One radium needle on the right, 
one on the left side of the 3rd lumbar vertebra 
(frontal and lateral view). 
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the bone than the left. This experiment dem- 
onstrates the importance of the distance of the 
radium from the object to be irradiated. 

Goat No. 3. Two steel needles, without any 
radium content, were applied in exactly the 
same manner and in the same place as the 
radium needles in the former experiments. The 
steel needles were of the same size and shape 
as the radium needles. They were left in situ 
for three days (from April 24 to 27). 

A roentgenogram taken on July 24 reveals a 
perfectly normal spine. Not the slightest sign 
of damage is visible at the level of the two 
needles. Animal killed on November 13. Roent- 
genogram taken post mortem shows a normal 
spine without any deformity. 

Goat No. 2. The same experiment as the 
former one repeated with the same two steel 
needles, applied on one side, on April 24. On 
April 27, one of the two needles was removed. 
The thread of the other needle being broken, 
the needle was left im situ until the death of 
the animal on November 13. 


Fic. 17. Goat No. 5. Thirty-seven days after radium 
application. Radium damage at the level of the 
3rd lumbar vertebra. (The damage of the 5th lum- 
bas vertebra is due to a bite.) No scoliosis. 
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Fic. 18. Goat No. 2. A steel needle left in situ for six 
months. No damaging effect. Roentgenogram 
taken after six months. 


The roentgenogram taken post mortem re- 
veals that, in spite of one needle being left in 
the vicinity of the vertebra for more than six 
months, there is not the slightest sign of de- 
formity of the spine nor any change in the 
vertebra (see Fig. 18). 

Goat No. 7. One steel needle applied on the 
right, one on the left side of the 3rd lumbar 
vertebra for three days (no radium). 

Roentgenograms on July 24 and post mortem 
on November 13, give no evidence of any 
deformity of the spine in ¢ofo or of any vertebra 
in particular. 

Goats in China develop so quickly that at 
the age of three months they are fully grown 
and therefore a recurving of the artificial cur- 
vature could not be attempted. Three dogs 
have been tried for this purpose (in Edinburgh). 
Unfortunately, they all developed rickets and 
died from intercurrent diseases, all at the age of 
about three months, two months after the ra- 
dium treatment, so that the aim could not be 
achieved. But they all developed a scoliosis, 
according to expectation, similar to the goats. 
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Fic. 19. Specimen of Dog No. 7 eight weeks 


after treatment. Note the beginning Fic. 20. Roentgenogram of the 
specimen of dog No. 21. 


scoliosis at this early stage. 
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Kyphoscoliosis. Frontal view, left; lateral view, right. 


One gained the impression that they are even 
more sensitive to radium treatment than the 
other animals used. The same technique has 
been used as in the previous experiments, with 
the one difference that the needles have been 
inserted by means of a small paravertebral inci- 
sion. The situation of the needles has been con- 
trolled by roentgenograms. The result should 
be given briefly: 

In Dog No 7, 7 mg. radium (1 tube of 1 cm. 
length of 5 mg. radium and two needles with 
I mg. radium each, of 2 cm. length—all with 
0.§ mm. platinum filter) was applied for three 
days at the level of the left 2nd—3rd-—4th lumbar 
vertebrae. Animal died from rickets and pneu- 
monia fifty-five days after the radium treat- 
ment. Figure 19 shows the right convex scoliosis 
in the treated area with compensatory curva- 
tures above. 

Dog No. 27, treated similarly to Dog No. 7 
with 5 mg. radium for five days, died fifty days 
after treatment from rickets and pneumonia. 


Figure 20 shows the kypholordosis and scoliosis 
which have developed after the short period of 
fifty days. The control roentgenogram, taken 
after the insertion of the tube, shows the ra- 
dium located more in front of the vertebral 
column than intended. It explains why in this 
case a kypholordosis has accompanied the sco- 
liosis. 

In Dog No. 22, treated with 5 mg. radium for 
three days similarly to Dog No. 7, a scoliosis 
has developed after fifty-five days. 

In another series of experiments, 6 rabbits, 
four weeks old, were treated in the same man- 
ner and with the same dosage as described for 
the goats. The results were similar to those 
above. It is therefore unnecessary to go into 
detail. The mortality rate of the rabbits was 
greater than that of the goats. 


HISTOLOGICAL EXAMINATION 


Goat No. 4. A naked-eye examination of the 
section and small magnification show that the 
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length of the irradiated right side of the ver- 
tebra is shorter by 3 mm. than the left side. 
While the epiphyseal lines of the non-irradiated 
vertebrae are running parallel to each other, 
there is a convergence towards the center of the 
vertebra of the right upper epiphysis. The slop- 
ing of the normal line is confined to the right 
one-third (Fig. 21). While two-thirds of the 
left epiphyseal line is regular and straight, the 
right side is irregular and undulating; it is also 


Fic. 21. Histological section of the 4th lumbar verte- 
bra of Goat No. 4, general view. Note the sliding 
of the right epiphyseal cartilage and irregular 
trabecular arrangement. Thickening of epiphyseal! 
cartilage in irradiated area (right). 


two to three time thicker than the non-irra- 
diated side (Fig. 22). We do not see similar 
changes in the adjacent vertebra, which is 
separated from the damaged one only by the 
intervertebral disc. The trabeculae of the left 
side run perpendicular to the epiphyseal line, 
those on the right irradiated side are arranged 
in a dense and quite irregular network. 

On closer inspection we see that in the ir- 
radiated thickened area of the epiphyseal car- 
tilage the cells are disseminated, they do not 
show the normal column formation, as on the 
left side. The cartilage cells vary much in size 
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Fic. 22. Same section as Figure 21, right upper cor- 
ner, higher magnification. The thickening of the 
epiphyseal plate has the same extent as the de- 
struction of the bone marrow. 


and shape, they are mostly larger than usual. 
In certain parts they are grouped in round cir- 


Fic. 23. Same section as Figures 21 and 22, higher 
magnification. One part of the irradiated area; 
irregular epiphyseal cartilage, partly dispersed, 
partly conglomerated cartilage cells. Fibrous bone 
marrow. 
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Fic. 24. Same section, same magnification as Figure 
23. Another part of the irradiated area; broadened 
cartilage with vacuola; fibrous marrow, broad 
cartilage. 


cumscribed conglomerations (Fig. 23). There 
are some large vacuoles in the matrix of the ir- 
radiated cartilage, some minor parts are stained 
red by the azocarmine-Mallory method—a sign 
of degeneration. No necrosis can be detected 
in the whole section. 

There is no evidence of new bone formation 
in the right upper corner; the emissaries of the 
cartilage cell columns going over into newly 
built trabeculae and forming cancellous spaces 
filled with hematopoietic tissue are missing in 
the irradiated area, although they are present 
on the left side. The adjacent trabeculae are 
stained rather bluish or violet, instead of red 
as normally—indicating that the calcification 
is retarded. 

The red marrow is absent in the whole area 
adjacent to the pathological changes of the 
cartilage just described. The cancellous spaces 
are filled instead with loose, irregular, connec- 
tive tissue, poor in cells. Their extension 
follows exactly the pathological cartilage (see 
Figs. 24 and 25). 


COMMENT 


The findings in the described section 
have been confirmed in 2 other cases. In 


Fic. 25. Same section, same magnification as Figure 
23. Normal area; narrow cartilage, column forma- 
tion of cells, normal marrow (compare with Fig. 
24). 


one of them, the spinal cord has also been 
examined. There was no evidence of a 
damaging effect of the radium on the nerv- 
ous tissue. The histological examination is 
very instructive. It shows that the radium 
affects two components of the vertebral 
bone, the cartilage and the marrow. The 
first one shows evidence of a degeneration 
and ceases to participate in the enchondral 
bone formation; the later one is replaced 
by connective tissue. The radius of the 
radium action is a very defined and small 
one. We find it restricted in one direction 
to only one-third of the width of the bone 
which measures 14 mm. across. In the other 
direction, we see the adjacent epiphysis, 
which is separated only by the vertebral 
disc, unaffected. The new bone formation 
and the bone marrow are entirely normal 
outside the small irradiated area. It is 
surprising that the irradiated cartilage 1s 
two to three times as thick as the norma! 
one. 

The broadening of the epiphyseal line 
has been found also by Racamier in bones 
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of cats treated by roentgen rays. This 
seemingly regular reaction is very probably 
not due to an increased growth of the 
cartilage but to the paralyzed new bone 
formation; the cartilage remains in its 
original primitive state and has to fill the 
gap resulting from the nonformed bone. 

My histological findings seem to be 
similar to those recorded in bones treated 
by roentgen rays by other authors. They 
remind one very much also of the histo- 
logical sections, described by Miiller and 
others, of bones under increased me- 
chanical strain. Here also, one finds a 
restricted enchondral ossification, with 
similar changes in the cartilage, as in our 
vertebrae. But the destruction of bone 
marrow is missing in the cases of Miller 
and prevalent in ours. 

In spite of this fact, it has to be con- 
sidered whether this similarity in the histo- 
logical picture is not due to similar static 
conditions, because we must admit that 
the irradiated vertebral corner of the con- 
cave side of the scoliosis may be under an 
increased pressure. How far it is actually 
the case in an animal with the vertebral 
column in a horizontal position, I could not 
decide. 

The simultaneous pathological changes 
in the bone marrow suggest that the two 
processes are not identical. The epiphyseal 
cartilage may react, however, in a similar 
manner to different insults. The patho- 
logical changes described in our bones are 
therefore reactions not specific to radium 
irradiation. 

RESULTS AND DISCUSSION 

It is evident from all our experiments 
that the question whether it is possible to 
produce curvatures on circumscribed spots of 
the spine has to be answered in the affiirma- 
tive. Our aim has been achieved in a 
practicable way by exposing to radium 
action that part of the spine where a con- 
cavity was desired. We can state that in all 
cases where radium has been applied, un- 
mistakable deformities have developed in the 
manner expected. The exposed side of one 
or more vertebrae was retarded or stopped 
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in its length development while the un- 
exposed side continued its normal growth. 

We have treated with radium 7 goats, 4 
rabbits and 3 dogs, with 5 controls. The 
goats, rabbits and dogs responded equally 
to the treatment. Already, after four weeks, 
the expected wedge formation of the ex- 
posed vertebrae with the consequent 
scoliosis was noticeable. 

In the evaluation of the results obtained 
one has to consider that scoliosis is a de- 
formity specific to the human race, due to 
their upright walk and to their consecutive 
peculiar static conditions. It is rare in other 
vertebrates, except in fishes, where some 
spinal deformities have been recorded re- 
cently. If our experiment could have been 
executed on vertical instead of horizontal 
spines—e.g. on apes—still greater deformi- 
ties might have been expected from the 
same radium doses. 

It may be of some interest, even if it 
does not pertain strictly to our subject, 
to record the fact that, in spite of the hori- 
zontal position of the spines under experi- 
ment, compensatory deviations above and 
below the primary curvature have de- 
veloped. This fact may suggest that the 
compensatory curvatures develop as a re- 
sult of the unequal tension of the convex 
and concave side of the spine, irrespective 
of their static condition. 

In order to exclude the possibility that 
the results achieved are due to the trauma 
caused by the needle and not to the action 
of radium, we made control experiments, 
using similar needles to the original ones 
containing no radium. The trauma was the 
same in both experiments. All the controls 
gave a negative result. One could not de- 
tect any damage in the spine of any of these 
cases. Even in Goat No. 2, where a steel 
needle was left quite near to the vertebrae 
for seven months, no deformity developed. 
One can state therefore that the deformities 
obtained in the experiments are due solely 
and exclusively to the damage caused by the 
radium. The histological examination con- 
firms the assumption that the place of 
action is the germinal part of the bone, the 
epiphyseal cartilage. The enchondral ossif- 
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cation comes to a complete standstill, if the 
necessary dose is applied. This experience 
is also in line with the law of Bergonié and 
Tribondeau, according to which the tissues 
which show the greatest reproductive ac- 
tivity are the most susceptible to gamma 
radiation. This selective action of the 
gamma rays on mitotic germinating tissues, 
without damaging less sensitive ones, is of 
great importance for the further thera- 
peutic development of our method. 

It will have been noticed that some of the 
radium treated animals have developed a 
more marked deformity of the spine than 
others. The cause of it is partly that some 
animals have been killed at earlier stages, 
so that there was no time for the full de- 
velopment of a deformity. We see, for 
instance, on Goat No. 4, killed six weeks 
after radium application (Fig. 19), only a 
slight scoliosis and a minor defect of the 
4th lumbar vertebra. The histological 
examination proves, nevertheless, that the 
bone formation in the irradiated area has 
stopped. Later pictures would therefore 
have shown a more progressive deformity. 

Another cause which accounts for the 
differences is the distance of the needles from 
the bone. We have referred to these con- 
nections in describing the experiments. Ac- 
cording to the law of the inverse square, 
the intensity of irradiation from a point 
source of radium varies inversely with the 
square of the distance between the source 
of irradiation and the object to be ir- 
radiated. / =//d*. In those cases where the 
radium effect was not so striking, we found 
on the roentgen-ray control that the 
radium needles were not in close contact 
with the bone. Although the two needles 
were fastened with their strings to each 
other, it did not prevent their moving in 
the strong dorsal muscles of the walking 
animal. It would therefore be desirable in 
future experiments to use needles with long 
handles which ought to be fastened by 
plaster. On man, a plaster cast and com- 
plete rest would be necessary. 

It need not be said that the radium used 
in the form of needles with 0.5 mm. plati- 


num filter acts practically as gamma rays. 
It is possible that on larger animals with 
bigger vertebral bones and on man roent- 
gen rays could be used for the same purpose 
but we have not tried them out on small 
animals on account of technical difficulties. 
About their practicability on man we have 
no opinion. 

As has already been pointed out, the 
real purpose of the experiments was the 
therapy of spinal curvatures by radium on 
the same principle which was used to pro- 
duce a scoliosis in the normal spine. The 
method to be adopted can best be under- 
stood from Figure 1. If one has to deal, for 
instance, with a curvature as on the right 
side of the figure where c is longer than d, it 
is evident that in order to recurve the spine 
the aim will be a retardation in the de- 
velopment of ¢ by applying the radium on 
this side. Side d will continue its normal 
growth, so that the difference between the 
two sides will be abolished after a certain 
time. The trapezium or trapezoid shape of 
the pathological vertebra will be changed 
to a square or oblong and the spine will be 
straightened out. I was not able to achieve 
this goal on animals on account of technical 
difficulties. It has been mentioned already 
that the vertebrates are not affected by 
spinal deformities. It would be necessary, 
therefore, first to produce these curvatures 
in order to recurve them afterwards. In the 
execution of this plan one has to face the 
fact that the experimental animals grow 
too quickly. The development of a scoliosis 
in goats and rabbits needs about two to 
three months. But in the third month the 
animals are already fully developed. There- 
fore one cannot expect to produce at this 
stage a considerable difference between the 
irradiated and non-irradiated side of the 
vertebra. One would have to use for this 
purpose animals with a development simi- 
lar to that of man. It has been mentioned 
that the growth of the human vertebrae 
continues up to the fifteenth year—accord 
ing to some authors even longer. At this 
age the epiphyseal plate is becoming 
united to the vertebral body. Human con- 
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ditions are therefore much more favorable 
for a correction of spinal deformities than 
those of our experimental animals. 

The greatest difficulties that will have 
to be faced, if one proceeds to practical 
application, will be the question of dosage. 
These are details of eminent importance 
but which could not be taken fully into 
consideration in the first experiments. 
These details will eventually decide 
whether my method will be practicable in 
future or not. Although I admit that this 
question will require some further pains- 
taking experiments, I do not see any 
reason why these obstacles could not be 
overcome. Just as it is possible to calculate 
the erythema dose of the skin, it should be 
possible to determine the quality and 
quantity of radiation necessary to destroy 
the germinating power of an epiphyseal 
plate. In my opinion it should be possible to 
calculate the curving effect of the annihilat- 
ing dose of one epiphyseal plate. It would 
then be possible also to make a scale from 
which one would read the radium dose that 
corresponds to and has to be applied for 
the recurving of a curvature of a certain 
degree. One or more vertebrae will have to 
be treated according to the radius of the 
curvature. If the radius is big, the curva- 
ture more diffuse, several vertebrae will 
have to be treated with smaller quantities 
of radium; if the curvature is more abrupt, 
the radius smaller, one vertebra will have 


to be treated with a larger amount of 


radium. Those are details which I cannot 
discuss at the present stage of the experi- 
ments; I wanted only to hint at the method 
to be followed. 

In the experiments I dealt chiefly with 
lateral deviations of the spine, because I 
wanted to simplify the conditions as much 
as possible, but I do not see great difficulty 
in applying the same method to produce 
and correct a lordosis or a kyphosis. 

In the cases of Goat No.1 and Dog. No. 21, 
a marked lordosis has developed, probably 
on account of slipping of the radium needles. 

I think that the most favorable cases for 
radium treatment at present are the con- 
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genital spinal curvatures of children due 
to wedge formation of one or more verte- 
bral bones. If the experience gained in these 
cases proves favorable, one can carefully 
attempt to correct the other deformities of 
the spine. The correction of deformities of 
other bones will be dealt with in another 
paper. All corrections can naturally be at- 
tempted only during the growing age. 

A serious objection may be raised as to 
the dangerous effect of the radium treat- 
ment on the spinal cord. The following few 
extracts from the literature may help to 
dissipate these objections: Obersteiner, 
who treated 36 mice for twenty-four to 
ninety-six hours with 10-50 mg. radium, 
could find no specific changes in the nerve 
tissue on histological examination. 

Danysz put glass tubes containing I mg. 
radium salts for twenty-four to twenty- 
nine hours under the skin of 3 guinea pigs, 
eight to twelve days old, above the lumbar 
cord. After one to three days, he observed 
a complete paraplegia of the posterior ex- 
tremities. The animals died eight days later 
with spasms. Similar observations were 
made on young mice but not on older ani- 
mals. Danysz thinks the nerve tissue is 
‘sensitive to radium, but sufficiently pro- 
tected by the bone. 

According to Lyman, Kupalov and 
Scholz, 18-20 human erythema doses may 
alter the function of the central nervous 
system; this does not seem to be due to 
primary action on the cortical cells. Roent- 
gen irradiation in therapeutic doses causes no 
damage to the adult nervous system or tts 
functions. 

Wetterer and Walter could not detect 
any histological damage of the brain and 
spinal cord. 

As far as my observations go, I have seen 
no harm done to any of the animals, no 
paraplegia, no spasms, no atrophy of the 
limbs. The histological examination con- 
firmed this observation and I think that 
I can concur with the statement of Danysz 
that the bone protects the nervous tissue 
sufficiently against damage by radium used 
in therapeutic doses. Besides this, the epi- 
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physeal plate is so electively radiosensitive 

in comparison with the fully developed 
nervous tissue—in accordance with the law 
of Bergonié and Tribondeau—that one 
can stop far below the “toxic dose” of 
the nerve tissue while damaging the 
cartilage. 

We should not dilate on the radiosensi- 
tivity of the bone marrow, because in our 
experiments the area irradiated is so small 
that a general effect is out of the question. 

CONCLUSIONS 

Experiments have been performed on 
growing animals (goats, dogs, rabbits) to 
produce spinal curvatures by exposing one 
side of the epiphyseal cartilage of one or 
more vertebral bones to radium action. The 
side exposed to the radium remained 
shorter than the non-exposed one. The re- 
sult was a wedge formation of the vertebral 
bone and consequently a scoliosis with 
concavity on the exposed side. 

The opinion is expressed that it should 
be possible to correct existing deformities 
of the spine on the same principle by 
contralateral action. A left convex scoliosis, 
for instance, would be gradually recurved 
by exposing the apex of the curvature on 
its left convex side. 

The therapeutic application of the 
method should be studied in further experi- 
ments. The principle may be applicable 
also to deformed extremities. 


Thanks are due to the Shanghai Science Institute 
(Professor Shinjo) for offering me facilities for the 
execution of the experiments, and to Dr. Ange 
Richer, who took most of the roentgenograms and 
applied the radium. The radium was kindly supplied 
by the Hospital Ste. Marie, Shanghai. 
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THE INTERVERTEBRAL DISC* 


INVOLVEMENT IN VERTEBRAL FRACTURES AND IN 
SPINAL PATHOLOGY 


REPORT OF FIFTY-SIX CASES 


By HARRY A. OLIN, M.D. 


From the Department of Roentgenology, Woodlawn Hospital 
CHICAGO, ILLINOIS 


— recognition of the réle of the inter- 
vertebral disc as a common factor con- 
cerned in injuries and diseases involving the 
vertebrae is now commencing to appear in 
the literature. Anatomic, physiologic and 
pathologic investigations and research have 
made this structure increasingly impor- 
tant, discovering many obscure conditions 
in the past as due to structural changes in 
the disc. Many cases of low back pain, 
complications following spinal puncture 
wherein the nucleus pulposus of the inter- 
vertebral disc is injured, frequent etiologi- 
cal factors of osteo-arthritis of the spine, 
some cases of compression of the spinal 
cord and some diseases and injuries of the 
spinal joints and vertebrae are in great 
part due to involvement of the central por- 
tion of the disc—the nucleus pulposus. It 
is now held that in fractures of the verte- 
bral body the disc is involved in about 80 
per cent of cases. This will be readily 
understood since this percentage com- 
prises compression of the body and, in the 
mechanism of injury, the disc is also com- 
pressed, resulting in extrusion of the nu- 
cleus pulposus substance. Obviously, the 
cartilage plate and the layer of annulus 
fibrosus—structures which surround the 
nuclear material and which enclose it—are 
injured and the nuclear fluid escapes into 
the spongiosa of the body and surround- 
ing structures. To make more comprehen- 
sive the pathology involved in the disc, a 
brief review of the anatomy and physiology 
is essential and will be discussed later. 
Knowledge of the intervertebral disc is 
as old as anatomy itself. Vesalius, in 1555, 
described it as a “fibrocartilaginous, tough 
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ligament with a soft center.” The text- 
books have little to classify this pathologi- 
cal process as a distinct entity. In fact, 
this structure merits more of our attention 
as a spinal pathologic condition which, 
astonishing as it may seem, constitutes 
about 38 per cent of spinal injuries, accord- 
ing to Schmorl. He routinely sectioned all 
spine cases coming to autopsy and found 
that in this percentage there was an exten- 
sion or prolapse of this nuclear material 
(nucleus pulposus) into the adjacent spon- 
giosa of the vertebral bodies.'! We are 
greatly indebted to this man, a Dresden 
pathologist, who in 1926 first described this 
condition. Later, other workers were able 
to correlate the pathological findings in the 
disc with the clinical picture. 


ANATOMY 


The intervertebral fibrocartilage may be 
considered as an elastic buffer placed be- 
tween the bodies of the vertebrae from the 
axis to the sacrum and forms the chief 
bond of connection between these bones. 
They are twenty-three in number. In 
shape and size they correspond with the 
surfaces of the bodies between which they 
are placed, are oval in the cervical and 
lumbar regions and circular in the thoracic. 
They are thicker in front than behind in the 
cervical and lumbar regions, while uni- 
formity of thickness prevails in the thorac- 
ic zone. The discs form about one-quarter 
of the vertebral column exclusive of the 
first two cervical vertebrae. Unequal dis- 
tribution of quantity as to length is seen 
in the thoracic region which has the least, 
the greater amount occurring in the cervi- 
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Fic. 1. Intervertebral disc with adjacent vertebral 
bodies from in front. (Spalteholz.) (From Gray’s 
Anatomy. Eighteenth edition. Lea & Febiger, 
Philadelphia, 1910, p. 269.) 


cal and lumbar zones which give rise to 
the latter regions’ greater pliancy and 
freedom of movement. 

Three main components comprise the 
structure of the disc: (1) the annulus fibro- 
sus, the enveloping outer portion; (2) two 
thin cartilage plates adherent above and 
below, confining the nucleus pulposus; (3) 
a central, soft, pulpy, fibrogelatinous ma- 
terial of yellowish color which rises consid- 
erably above the surface when the disc is 
divided horizontally, nucleus pulposus. The 
outer layers of the disc are arranged of con- 
centrically placed fibrous tissue, but the 
others, which are most numerous, consist of 


Fic. 2. Median section of a piece of lumbar vertebral 
column, right half of section viewed from the left. 
(Spalteholz.) (From Gray’s Anatomy. Eighteenth 
edition. Lea & Febiger, Philadelphia, 1910, p. 270.) 


white fibrocartilage, the fibers for the most 
part presenting a letter ““X’’ arrangement. 
The pulpy substance has no concentric ar- 
rangement but consists of a fine, fibro- 
gelatinous material containing cartilage- 
like cells which, united, form a reticular 
structure (Figs. 1 and 2). 


FUNCTION OF THE INTERVERTEBRAL DISC 
It has been stated that the disc acts as 


a buffer between the bodies of the verte- 
brae, subject to pressure strains and 


Fic. 3. Function of the nucleus pulposus, (From 
Keyes and Compere. Normal and pathological! 
physiology of nucleus pulposus of the interverte 
bral disc. 7. Bone & Foint Surg., 1932, 74, 897-938. 


stresses, changing considerably in shape 
with the position of the neighboring bodies. 
The nucleus pulposus, composed of fibro- 
gelatinous material, is subject to the law of 
fluids and, being incompressible, is able to 
shift its position as the spine moves back 
ward, forward and sideways in flexion, ex 
tension and lateral movement. The con 
finement of the central fluid material 1s 
dependent upon the integrity of the strong 
and elastic annulus fibrosus which sur- 
rounds it (Fig. 3). The elastic tension of 
the annulus fibrosus, the pressure of which 
extrudes the nucleus pulposus material, is 
also aided by the muscle tone and stati 
stresses from one vertebral body to th 
next. These forces combined with thi 
spinous ligaments and ligamenta flava hav‘ 


\ 
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a tendency to create an equilibrium which 
is expressed in the normal, physiologic 
curve of the spine. According to Steindler,’” 
the ligaments and discs impart to the verte- 
bral column an enormous amount of re- 
siliency and resistance, the discs in the 
main exerting a “‘shock-absorber”’ effect on 
the entire column. Therefore, any com- 
pression of the disc must result from a 
change in shape of the nucleus pulposus at 
the expense of the elastic annulus fibrosus; 
in other words, the incompressibility of the 
central core of the disc exerts a function of 
transmitting the static and muscular forces 
from one vertebral body to another and 
establishes it as the axis of motion upon 
which each vertebral body must work.* 


MOVEMENTS OF THE SPINE 


The movements of the spinal column are 
flexion, extension, lateral movement, cir- 
cumduction and rotation. In flexion, the 
part played by the intervertebral disc is 
compression in front with stretching of the 
posterior common ligament, ligamenta sub- 
flava, as well as the posterior fibers of the 
intervertebral discs. In extension or move- 
ment of the spinal column backward, an 
exactly opposite disposition of parts occurs. 
The intervertebral disc is compressed pos- 
teriorly while stretching of the anterior 
spinal common ligament and the ligamenta 
subflava takes place; the posterior spinal 
ligaments are relaxed. In lateral movement 
the sides of the intervertebral discs are 
compressed, the extent of motion being 
limited by the resistance offered by the 
surrounding ligaments and by approxima- 
tion of the transverse processes. Circum- 
duction is limited and is confined to a suc- 
cession of the preceding movements. 

Rotation is produced by the twisting of 
the intervertebral substance, movement 
which is only slight between two vertebrae 
but produces a larger range of motion when 
performed by the whole column. Thus we 
have a ball-bearing and socket arrange- 
ment capable of producing a wide variety 
of motion from a central core or disc—the 
nucleus pulposus. 
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PATHOLOGY 


If one constantly keeps in mind that the 
nucleus pulposus is a ball-bearing, incom- 
pressible structure located in the interior 
of the disc and whose position is main- 
tained by the annulus fibrosus and the two 
cartilage plates, the pathological process 
will be readily understood. Any injury or 
disease process which invades the cartilage 
plate or annulus fibrosus and permits any 
portion of the nuclear material to escape 
will cause a comparative loss of function of 
the spine, the impairment depending upon 
the extent of injury. This loss of function 
must necessarily occur since the disc is the 
medium of transmitting pressure from one 
vertebra to the next in movements of the 
spine. However, very minute ruptures of 
the thin cartilage plate and small extru- 
sions of the nuclear material may not cause 
pain in the back and disability, symptoms 
such as would be anticipated.’ 

Schmorl concluded from his studies that 
the nuclear prolapses which he found in 38 
per cent of the spines examined at post 
mortem were of little clinical significance, 
but he reviewed only 5 histories of the 
patients who were autopsied in his insti- 
tute. Beadle’ suggested the course of the 
pathological processes from his observa- 
tions of a number of certain spinal de- 
formities, but the function played by the 
nucleus pulposus lesions themselves has not 
been interpreted on a satisfactory basis. 
Jung and Brunschwig, who recently stud- 
ied the innervation of the articulations of 
the vertebral bodies, have exhibited sen- 
sory nerves in the anterior longitudinal 
ligament but no nerve tissue in the inter- 
vertebral disc was found. Therefore, these 
authors conclude that trauma or disease 
affecting the disc can produce subjective 
symptoms only in proportion to the degree 
to which the adjacent structures are in- 
volved.® 


ROENTGEN DIAGNOSIS OF NUCLEUS 
PULPOSUS INJURIES 


The commonest lesion of the spine is 
prolapse of the nucleus pulposus, according 
to Schmorl, and this finding is corroborated 
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by other investigators. This prolapse in- 
vades the spongiosa of the vertebral body 
and causes the formation of a node, named 
by other workers as Schmorl’s node. An 
injury may cause a crack or defect in the 
vertical plate and outer disc layer and the 
nuclear material is forced into the spongi- 
osa by the transmitted body weight to that 
dise aided by the tone of the spinal muscles 
and ligaments. This invasion into the 
spongiosa sets up a reaction in its substance 
and the semifluid material is transformed 
into a cartilage nodule soon to be sur- 
rounded by sclerosed bone. The mere 
presence of these cartilaginous nodules may 
not Cause pain. 

Sclerosed bone surrounding the nodule 
may be seen on the roentgenogram. How- 
ever, sufficient time must elapse following 
the prolapse of the nuclear material of the 
disc for bone reaction to occur, and until 
this takes place the roentgen diagnosis can- 
not usually be made. The nodule is mani- 
fested on the roentgenogram by a punched 
out excavation of bone, usually round but 
it may assume other shapes as a concavity, 
deep or shallow, and varying in size from 
the head of a pin to the tip of a thumb, 
and larger.* In one of my cases these three 
types of Schmorl’s node were found. The 
significant history of violent muscular 
strain (stooping over and suddenly sneez- 
ing) was described by the patient as some- 
thing “snapping in her back” attended 
with severe pain, impairment of function 
and inability to straighten out her back. 
However, it is believed that the patient 
sustained previous back injuries to have 
caused the production of the other two 
disc injuries (prolapse of the nucleus pul- 
posus). These punched out areas are sur- 
rounded by a wall of thickened density 
which is sclerosed bone. The joint space is 
narrowed and uneven, due to thinning of 
the disc. (See history and figure, Case tv.) 

If small portions of nuclear material are 
extruded, little or no disabilty may occur. 


* About an average of six weeks after injury must elapse before 
the wall of sclerosed node or Schmor!’s node can be demonstrated 
on the roentgenogram. 


AucusT, 1939 


The extrusion, however, of minute portions 
may lead to avenues of dehydration and 
thus cause impairment of function. Pusch 
and other observers have noted these phe- 
nomena. On the other hand, large or mod- 
erate amounts of nuclear prolapse cause the 
disc to become thin and may finally dis- 
appear, totally destroyed. In addition, by 
constant weight-bearing pressure which the 
discs normally assume, this function is 
transferred to the articular facets and in 
flexion or lateral motion to the bodies (an- 
terior and lateral margins). As a result, the 
adjacent vertebrae may undergo sclerosis 
with the formation of spurs and lipping and 
osteo-arthritis is evidenced in the roent- 
genograms. Disease processes such as tu- 
berculosis, neoplasm or even softened or 
crushed vertebrae from trauma will in- 
directly include the disc. Attempted repair 
will cause greater sclerosis and greater 
spinal deformity. In some cases of trauma, 
slight kyphosis will gradually develop if no 
regeneration of the disc takes place. Pain 
may appear in the nerve roots because of 
the diminished size of the foramina through 
which the roots emerge due to collapse of 
the disc followed by overlapping of the 
articular facets. Cases in which severe pain 
and kyphosis are present may necessitate 
a fusion operation to produce ankylosis for 
relief of symptoms.‘ 

Prolapses of the disc may occur in any 
direction—forward, backward or laterally. 
If backward, the herniation may extend 
into the spinal canal and simulate extra- 
dural cord tumor’ or radiculitis if the nerve 
root fibers are involved. The recognition of 
a protruded disc into the spinal canal only 
causes narrowing of the intervertebral 
space in a small proportion of cases. 

The roentgenologic diagnosis and local- 
ization of this type of protrusion depends 
upon the use of a radiopaque oil injected 
into the spinal canal, since a narrowing of 
the disc may be the result of degeneration 
and fibrosis of the disc itself without 
herniation. 

Clinically, the diagnosis of the protrud 
ing disc into the spinal canal is not a simple 


VoL. 42, No. 2 


matter and may offer much difficulty for 
recognition. An uncanny suspicion of its 
presence on the part of the examiner prob- 
ably offers the most hopeful clue for its de- 
tection. A protruding disc into the spinal 
canal, as has been mentioned, may mas- 
querade under the guise of a sciatica, 
neuritis or an atypical cord tumor, and a 
very careful history elicited from the pa- 
tient as to injury is of immense value; for 
instance, such a case is reported in the 
Staff Proceedings of the Mayo Clinic’ 
wherein a man lifted a box weighing 55 
pounds, which was followed by severe pain 
in the right lower extremity. About six 
weeks following the injury the pain became 
unbearable at times. The patient had not 
been able to work since the onset of pain 
which progressively became worse on 
standing or walking although it was re- 
lieved when the patient was in the recum- 
bent position. Various forms of therapy did 
not relieve the patient of his distress until 
the protruded disc was removed through a 
laminectomy wound. Diagnosis was only 
made possible here by lipiodol injection 
into the canal. The neurologic surgical 
section selects patients under the following 
considerations: (1) Patients are selected 
that have pain following the distribution 
of one or more spinal nerve roots over a 
long period of time and who have not re- 
sponded to the usual measures of therapy; 
(2) wherein the cerebrospinal fluid obtained 
on lumbar puncture yields more than 40 
mg. of total protein per 100 cc. of fluid; 
must react positively to globulin test, al- 
though the 40 mg. value does not exclude 
presence of protruded disc with nerve root 
compression; (3) reversed Queckenstedt 
test which is considered very valuable by 
them. The method consists of placing a 
caudal needle in the sacral hiatus (care 
being taken not to enter vein or abnormally 
low dura mater). A lumbar needle is then 
inserted into the canal, a manometer is 
attached and 10 cc. fractions of I per cent 
solution of procaine are injected into the 
caudal epidural space through the caudal 
needle. A progressive rise should normally 
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occur in the manometric readings as the 
caudal sac is compressed by the extradural 
procaine. Four fractions of 10 cc. each, or 
a total of 40 cc. of I per cent procaine, are 
injected extradurally. If a tumor or a pro- 
truded disc of sufficient size to obstruct the 
caudal sac is present no increase will occur 
in the manometric reading. A “block” on 
reversed Queckenstedt test will have been 
established. In cases of ordinary sciatic 
pain not caused by pressure on the caudal 
roots by tumor or protruded disc, the 
sciatic pain is usually exaggerated at first 
and then subsequently relieved on injection 
of each fraction. Compression from tumor 
or disc causes unbearable pain and the 
epidural injection will necessarily have to 
be discontinued. This reversed Quecken- 
stedt test is considered by them pathogno- 
monic of a mass invading the region of one 
or more caudal roots. They believe laminec- 
tomy to be the only therapy once the diag- 
nosis of protruded disc has been established 
and that it corresponds to the level of the 
root pain. Discs may be extruded also 
without production of pain. 

The backward prolapse may result in 
compression of the spinal cord. Peet and 
Echols® have recently reported 50 cases ot 
nodules surgically removed from the discs, 
half of them having been diagnosed as 
chrondroma or fibrochrondroma. These 
nodules were found to be herniation or pro- 
lapse of the nucleus pulposus and not new 
growths (Fig. 4). The authors considered 
the lesion a distinct pathologic entity. They 
present 2 cases. In the first case lateral 
roentgenograms showed a narrowing of the 
disc from which the nuclear material herni- 
ated. Besides, the adjacent vertebral body 
presented a rarefied area which demon- 
strated that some nuclear substance had 
also ruptured into it. The authors con- 
cluded that if a clinical diagnosis of com- 
pression of the cord has been established 
and if there is evidence of a diseased inter- 
vertebral disc at the proper level, retro- 
pulsion of the nucleus pulposus should be 
considered.® Geist,® Sashin,’® and Beadle! 
have reported a number of pathological 


Fic. 4. Backward prolapse of nucleus pulposus into 
i. spinal canal (simulating extradural cord tumor). 
; (From Peet and Echols. Year Book of Radiology. 
| Year Book Publishers, Chicago, 1935, p. 26.) 


conditions in which the intervertebral nu- 
cleus pulposus is either primarily or sec- 
ondarily involved. Calvé and Galland? in 
1922 described calcification of the nucleus 
pulposus. 

The following outlines are presented in 
an attempt to classify the primary and 
secondary lesions which may produce 
pathology involving the nucleus pulposus 
material of the intervertebral disc: 


CLASSIFICATION OF DISC PATHOLOGY 


Primary: Trauma—acute or chronic, involving 
the cartilage plates and annulus fibrosus 
Lumbar puncture accident 
Some fractures of the body causing escape 
of the nuclear fluid into adjacent vertebral 
bodies 
Spinal compression of cord from Schmorl’s 
node 
SECONDARY: 
80 per cent of fractures of the vertebral 
bodies 
Tuberculosis 
Osteomalacia 


{Primary 

\Metastatic 

Paget’s disease 

Spinal joint infections—typhoid, pneumo- 
coccus, pyemia, etc. 

Extension from adjacent infectious processes 


Malignancy 
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Congenital failure of closure at site of noto- 
chord 

Pressure on nerve trunks emerging from 
spinal foramina causing pain along course 
of nerve—intercostal thorax, lumbar 
nerves in the lumbar region, etc., simulat- 
ing neuritis in some form. 

Some cases of scoliosis. 


The nucleus pulposus may be shifted in 
any direction—forward, backward or later- 
ally. Retropulsion has been mentioned. 
These movements change the center of axis 
of motion and necessarily disturb the bal- 
ance of the vertebral column. In scoliosis 
the nucleus has been found shifted on the 
side of the convexity curve. Schmorl was 
unable to discover any evidence that this 
was the cause of scoliosis, but some au- 
thorities believe that the shift of the non- 
compressible nucleus may be the reason for 
much of the difficulty encountered in at- 
tempts to correct the lateral curvature. In 
every large orthopedic clinic cases are rela- 
tively common in which the intervertebral 
discs are primarily or secondarily involved. 
Good lateral roentgenograms will usually 
demonstrate the lesions in most instances.’ 


FRACTURES AND DISLOCATIONS OF 
THE VERTEBRAL BODY 


It is well recognized that the mechanism 
causing fractures of the vertebral bodies 
results in compression. Therefore, the 
vertebral body, being compressed, results 
in disintegration of the spongiosa and in- 
volves the intervertebral disc in such a 
manner that the nuclear material is ex- 
truded from the disc. 

Schmorl found at autopsy cases of com- 
pression fracture ununited because of ex- 
tension or invasion of pulpy material into 
the defect and the formation of a non- 
ossifying cartilage body. This may account 
for many cases of fibrous or non-bony 
union with consequent deformity of the 
body and changing the position of the 
vertebral column. 

The rédle played by the disc in osteo- 
arthritis or degenerative arthritis may be 
the result, as considered by some authori- 
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ties, of repeated trauma to which almost 
everyone is daily subjected. Fluid loss 
through the open avenues of these minute 
defects would lead to the dehydration of 
the discs and produce a progressive de- 
crease in the normal function of the spine. 
The constant wear and tear on the verte- 
bral bodies would be the result of the pro- 
gressive narrowing of the discs. These 
changes eventually lead to sclerosis of the 
adjacent surfaces, while the anterior edges 
of the vertebral bodies develop spur forma- 
tion or lipping with resulting bridge forma- 
tion of some of the margins of the bodies, 
changes commonly seen in osteoarthritis of 
the spine. I do not wish to infer that this 
is the sole etiology of osteoarthritis of the 
spine but it is probably one of the common 
factors in its production. In a similar way 
dislocation of the bodies through trauma 
and subsequent pressure may cause thin- 
ning of the disc with subsequent extrusion 
of the nuclear material and the changes 
which follow this event. 


EXPERIMENTAL STUDIES ON THE 
INTERVERTEBRAL DISC 


Experimental studies on dogs by punc- 
turing the disc by means of chisels, drills 
or scalpels have produced changes similar 
to those found clinically in the human. 
Some of the dogs were subsequently killed 
and the pathological specimens studied 
were found to have the same changes in 
the dogs’ vertebral bodies as those in 
pathological changes as first discovered by 
Schmorl and other investigators. In every 
instance where the nucleus pulposus ma- 
terial was allowed to escape, there was 
definite narrowing of the intervertebral 
disc. When most of the nucleus was cu- 
retted out, the adjacent vertebrae showed 
early changes of hypertrophic or osteo- 
arthritis of the spine.® 

In one of the meetings I recently at- 
tended, a paper was presented which 
showed injury to the nucleus pulposus of 
the disc and adjacent margins of the verte- 
bral bodies caused by lumbar puncture in 
children, and roentgenograms submitted 
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Fic. 5. Case 1. Compression fracture body of the 
first lumbar vertebra; injury to disc above and 
two below. 


revealed these changes some time after the 
puncture. Narrowing of the disc appeared 
to be a common finding on the roentgeno- 
grams.® 

Herewith are submitted 6 illustrative 
cases demonstrating involvement of the 
nuclear material of the disc associated with 
compression fractures of the vertebral 
bodies. In this group is included one case 
showing a typical Schmorl’s node, and one 
a backward dislocation of the body of the 
fifth cervical with injury to the disc above 
and below. 


REPORT OF CASES 

Case 1 (No. 18192). J. F. C., male, aged 
thirty-nine. Admitted Woodlawn Hospital on 
December 27, 1933. Fell from a ladder a 
distance of 8 feet and landed on buttocks. 
Roentgen findings: Compression fracture, body 
first lumbar vertebra; injury to disc above and 
two below (Fig. 5). 
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Fic. 6. Case 11. Compression fracture body of the 
third lumbar vertebra. Involvement of disc above 
and below. Note narrowing of first lumbar. Osteo 
arthritis. 


Case 11 (No. 20562). W. R., aged fifty-seven. 
Admitted Woodlawn Hospital on August 7, 
1934. Thrown through door of automobile as 
it ran into ditch. Roentgen findings: Compres- 
sion fracture, body of third lumbar vertebra 
with involvement of disc above and below. 
Osteoarthritis of lumbar spine. Re-admitted 
on October 8, 1934. Roentgen examination on 
this admission showed less deformity of body, 
more callus formation; narrowing of disc above 
body of third lumbar vertebra and below 
(Figs. 6 and 7). 


Case ut (No. 26096). J. M., male, aged 
twenty-two. Admitted Woodlawn Hospital on 
August 13, 1936. Patient, a life saver at beach, 
dove from a distance of 8 feet into shallow 
water. Roentgen findings: Compression frac- 
ture, body of seventh cervical vertebra; in- 
volvement of disc above; partial fracture, body 
of fifth cervical vertebra (Figs. 8 and 9). 


Case iv (No. 253366). Mrs. H. B., aged 
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twenty-two. Admitted Woodlawn Hospital on 
May 31, 1936. Patient was dressing in a hurry 
and while bending over suddenly sneezed. She 
felt a sharp pain in the region of the fourth 
lumbar vertebra and became dizzy. She was 
unable to straighten out because of stitch-like 
pain. Tried massage and exercise to no avail 
and then went to bed. Developed a facial 
paralysis next morning for which she was 
admitted to hospital. She then had recurrence 
of back pain which was investigated. Roentgen 
findings: Old injury body of fifth lumbar 
vertebra; Schmorl’s nodes in bodies of second, 
third and fourth lumbar vertebrae; osteoarthri- 
tis (Fig. 10). Clinical examination showed 
increased obliquity, lumbar region; spasm of 
muscles, pain and tenderness. 


Comment. This patient had undoubtedly 
several or more back injuries than the one 
above mentioned, although she had never 
consulted her physician until the facial 
paralysis intervened, a coincidence which 
made her more concerned about her face 


Fic. 7. Case 11. Lateral view. 
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Fic. 9. Case 11. Four months later. Note increased 
density of body and callus formation; partial re- 
pair of upper disc at arrow. 


than the low back pain. No history of her 
previous back injuries was obtained during 
her hospital stay of forty-eight hours. 


Case v. M. H., male, aged fifty-two. Patient 
gave no history of injury; referred for lung 


Fic. 8. Case 11. Compression fracture body of 
seventh cervical vertebra; injury to disc above. 
Partial fracture body of fifth. 


pathology. Roentgen findings: Calcified discs, 
seventh, tenth and eleventh dorsal vertebrae 
(Fig. 11). 


Case vi (No. 15771). E. S., male. Admitted 
Woodlawn Hospital on October 4, 1932. One 
month ago while in bathing he dove into water 
and struck a sand bar. The dive was only 3 


Fic. 10. Case rv. Note punched out excavations in 
bodies of second, third and fourth lumbar verte- 
brae. Old injury to body of fifth lumbar. Arrows 
point to typical Schmorl nodes. 


A 
o 
< 
44 
7 


Fic. 11. Case v. Arrows point to calcification of 
discs. Patient referrred for lung pathology. 


feet. No bruise or laceration occurred. Patient 
was perfectly conscious but neck gave him 
considerable pain and he was taken to a hos- 
pital in Michigan. He was seen by a member 
of our staff (one month later) who had him 
admitted for treatment. Roentgen findings: 
Backward dislocation, body of fifth cervical 
vertebra with fracture at junction of body and 
pedicle; injury to disc above and below (Fig. 
12). 
SUMMARY 


A review of the literature reveals that 
the commonest lesion in the vertebral 
column is that involving the intervertebral 
disc. This finding is corroborated by clini- 
cal, experimental and research studies of 
other workers and by myself in an analyti- 
cal study of 56 hospital cases. In my 
opinion this is a distinct pathologic entity, 
and to Schmor!l we are greatly indebted for 
placing this common injury on a well- 
established, pathological basis with its 
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clinical findings. Extrusion of the nucleus 
pulposus of the intervertebral disc, asso- 
ciated with dise injuries or disease involv- 
ing the intervertebral body, whether by 
congenital defect, trauma, tumor, Paget’s 
disease, osteomalacia, tuberculosis or ex- 
tension from various pathologic processes, 
is a common finding. The very nature of 
the anatomic construction of the disc and 
its close relation to the vertebral bodies and 
ligaments with its ball-bearing function 
subject these parts to daily trauma, hence 
its common occurrence in spinal injuries. 
Some authorities claim that in fractures of 
the vertebral bodies the disc is involved in 
over 80 per cent of cases. In a study of 50 
cases of fracture of the vertebral bodies, 
I found 42 in which there was involvement 
of the nucleus pulposus of the disc—a per- 
centage of 84. Furthermore, the nucleus 
pulposus is not infrequently injured in 
simple routine lumbar puncture. Lateral 
roentgenograms, carefully executed, will 
usually disclose the pathology. 

It appears paradoxical that an injury so 


Fic. 12. Case vi. Backward dislocation body of fifth; 
fracture at junction of body and pedicle. Injury 
to disc above and below. Note increased density of 
space above and below body of fifth cervical. 
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common to the spine has escaped recogni- 
tion in the past. Today, diagnosis, while 
much improved, is still made rather infre- 
quently. 

Lastly, we must consider this entity as a 
working factor in the production of osteo- 
arthritis and in some cases of low back 
pain. 

Hospital Cases. From May, 1928, to 
January 1, 1937, there have been admitted 
to Woodlawn Hospital 27,525 cases, of 
which 56 were fractures of the spine, in- 
cluding one fracture dislocation of the 
cervical region. The following tables repre- 
sent location of the fractures in the various 
regions. 


Compression 


Region Body No. of ‘ 
Involving 
Cases 
Disc 
Cervical IV I I 
Vv 2 2 
VI 2 2 
vil I 
Total 6 5 
Dorsal IX 2 I 
x 3 2 
x1 3 3 
XII 7 7 
Total 15 13 
Lumbar I 10 8 
II 9 9 
III 4 (1 old) 3 
IV 3 (1 old) 2 
Vv 3 (1 old) 2 
Total 29 24 
TABLE SUMMARY 
Compression 
Region Total Involving 
Disc 
Cervical 6 
Dorsal 15 13 
Lumbar 29 24 
Total 50 42 


The percentage of compression fracture 
involving the nucleus pulposus of the inter- 
vertebral is 84. 
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Of the total 56 spinal fractures, 6 were of 
the transverse processes alone. The group 
of 50 also included one Paget’s disease, two 
involving the spinal cord and one fracture 
dislocation of the cervical spine and one 
compound fracture of the body of the 
second lumbar. Included in this group of 
50 were other miscellaneous injuries such 
as fractures into the sacroiliac joint, hip 
joint, multiple pelvic fractures, fractures 
into the isthmus, articular facets and 
fractures of the spinous processes. 
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AINHUM: ITS OCCURRENCE IN THE UNITED STATES 


WITH A REPORT OF THREE CASES* 
By EDGAR W. SPINZIG, M.D. 


ST. LOUIS, MISSOURI 


INCE 1860 over two hundred articles 

have appeared in the medical literature 
of the world on ainhum, and about sixty 
of these were found in the American litera- 
ture since 1880. In this American literature 
can be found 39 cases of ainhum reported 
in the United States from 1881 to 1937 to 
which will be added 3 cases seen by the 
author. The cases reported from the United 
States are compiled and reviewed in this 
article, and a general discussion of the 
disease is given. 


DEFINITION 


Ainhum is a disease peculiar to Negroes, 
characterized by a linear narrow strip of 
hardened skin which gradually embraces 
the entire circumference of the little toe 
on a level of the digitoplantar fold. This 
constriction becomes deeper and produces 
a strangulation of all of the tissues under 
the ring, together with an absorption of 
the bone. After a varying period of time 
the distal end of the toe becomes enlarged 
and bulbous and is attached by a mere 
pedicle. The final result is a spontaneous 
amputation of the distal end of the toe 
due to gangrene or accidental injury. 


NOMENCLATURE 


The African Negroes (Nagos) named the 
disease “ainhum” or “‘ayun,” which is de- 
rived from a word meaning “to saw.” 
Other Negroes, the Jejes, called it “gu- 
durum”’; and another tribe recognized the 
condition as “affovi-burum-cue.” Da Silva 
Lima"? commented that “guijila” was the 
term applied to the mutilating leprosy of 
the fingers and toes, which was known as 
“gafeira” to the Portuguese authors. Collas 
gave the condition the name “‘exérése spon- 
tanée,”” and Beauregard proposed to call 
it ““dactylosis essentialis.”” Da Silva Lima 


however preferred the name “ainhum,”’ 
the meaning of which was verified by Rev. 
J. T. Rowen in the “Grammar and Diction- 
ary of the Yoruba Language.” Matas,™ 
however, said the word “ainhum”’ or “ain- 
houm” is derived from the Brazilian Negro 
patois and means “fissure” (Bordier). 
Other synonyms given by various authors 
are ““Esola” or “Ombanja” (Bantu names), 
““Banko-kérénde” (Soudan), ‘“Sukha 
Pakla” (India) and “Faddidite” (Nossi- 


be).11.14,51,59, 88,89, 91 


HISTORY 


A condition was described by Clark in 
1860 as “dry gangrene of the little toe 
among the natives of the Gold Coast,” 
and this is thought to be the first recogni- 
tion of the disease later known as ainhum. 
The disease was first described as “ain- 
hum” by da Silva Lima in the Gazeta 
medica du Bahia in November, 1867. The 
first pathological studies were made by 
Wucherer in Bahia. Wucherer sent the 
specimen of a toe affected with ainhum to 
Weber in London for pathological exami- 
nation in 1867. Campbell de Morgan and 
John Wood also examined this specimen 
and recorded their findings.** A more com- 
prehensive report® was published in 1868 
after a second specimen had been sent to 
Weber. 

In 1872 von Schiippel’® reported his 
findings in Tubingen on one of Wucherer’s 
specimens and found no relation between 
ainhum and leprosy. In the same year 
Wucherer®® emphasized the non-leprous 
nature of ainhum. Reports of the disease 
then came from various parts of the world, 
and in 1881 Hornaday*® published the first 
case in the United States. It has been er- 
roneously stated by several authors that 
the first case of ainhum was described by 


* From the Department of Radiology, Homer G. Phillips Hospital, St. Louis. 
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Messum in 1821, but investigation of the 
literature will reveal that Messum® re- 
ported his case of ainhum in 1891. 


GEOGRAPHICAL DISTRIBUTION 


South America offered the first cases of 
ainhum which were studied with accuracy, 
and to da Silva Lima has been given the 
credit for this discovery. Da Silva Lima!’ 
found the disease in Bahia, Rio de Janeiro 
and Buenos Aires in 1867. Contrary to the 
facts found in the literature, Dell’Orto'® 
before the New Orleans Medical and Surgi- 
cal Association in 1880 read notes from a 
report of the work done by the Imperial 
Medical Academy of Rio de Janeiro. In an 
extract from a paper read by Dr. José 
Pereira Guimaraes it was stated that Dr. 
Moncorvo de Figueiredo was the first in 
Brazil to call attention to ainhum in a 
paper presented before the Academy in 
1874. In 1891 Toppin,® unaware of previous 
publications, reported some cases from 
Brazil which he found in Kroomen who 
came from the West Coast of Africa. 
Von Winckler® published a series of 20 
cases from British Guiana in 1891. 

In 1879 Potoppidan® encountered the 
disease in St. Thomas, Danish West Indies. 
Doyle reported several cases from Trini- 
dad, West Indies in 1889, while Gooding” 
observed 25 cases at Barbados, West 
Indies, and Anderson‘ saw a case from 
Balaclava, Jamaica in In 
Welch® reported 2 cases from St. Croix. 

Ainhum was reported from Central 
America in 1912 by Weinstein®’ who saw 
the disease in Gatun, Canal Zone. Subse- 
quent reports are found by Simon® in 1912 
from Belize, British Honduras, Facio*’ in 
1924 from Limon, Costa Rica and in 1930 
by Makel**® from Colon, Panama. 

Corre of the French Navy observed the 
disease at Nossi-be near Madagascar as 
related by da Silva Lima.’ Digby” re- 
ported cases from the West Coast of Africa 
in 1891 and Wellman*® saw a case in 1905. 
Messum® in 1891 published a case occur- 
ring in Pretoria, South Africa. Milton®* 
encountered the disease in Cairo, Egypt 
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in 1893 and in the same year, Cresswell® 
saw it in Suez. In 1905 Ashley-Emile'’ re- 
ported seeing 3 cases in Mozambique, East 
Africa. 

The first report of the disease in Asia 
was made by Collas of the French Navy 
who found some Pondicherry Indians af- 
flicted. Later reports were made from 
Dacca, India by Crombie" in 1881. Pyle™ 
stated that other cases were seen in Cal- 
cutta by Smyth, in Bombay by Henderson, 
and by Crawford and Cooper in Southern 
India. More recent observations were re- 
corded from Poona, India in 1917 by 
Bharucha® and from Howrah, India by 
Waters® in 1918. 


PREVALENCE 


Ainhum was quite infrequent in Dacca, 
India where Crombie” saw only 1 or 2 
cases a year among out-patients numbering 
125 per day. Gooding” found 15 cases in 
ten years among 25,000 patients at Bar- 
bados, West Indies. The statistics of 
the American Dermatological Association™ 
from July, 1877 to December, 1893 show 
not one case of ainhum among 224,138 
cases. During this period however, 8 cases 
were reported in the American literature 
which are apparently not included in these 
statistics. 


CASE REPORTS 


Case 1. S. B., male Negro, aged fifty-five, 
born in Alabama and has lived in St. Louis for 
the last eighteen years. Admitted to hospital 
on September 6, 1934 on the service of Dr. T. 
Martin. 

Chief Complaint. Patient complains of aching 
pain in his right little toe. 

Present Iliness. Onset about three years ago. 
The condition began as an ordinary corn or cal- 
lus on the toe. The patient applied liniment 
with no relief. At the end of one year he pricked 
his toe with a needle. The toe became swollen 
but later the swelling disappeared. Condition 
has been getting worse. Last summer the toe 
became infected and pus was expressed. Up to 
present time the toe has been painful. There is 
now no pus in or around the toe. He has not 
consulted a doctor. 


| 


Past History. Left leg broken near ankle 
twelve years ago. Struck on head with brick 
eleven years ago. No operations. Has had 
measles, malaria, pneumonia and influenza. Ad- 
mits having had gonorrhea; denies lues. 

Family History. Essentially negative. No 
other member of family had any similar trouble 
with feet. 

Physical Examination. Well developed male 
Negro lying in bed in no apparent distress. 
Complains of occasional pain in right little toe. 
Blood pressure 180/70; temperature 98° F. 
Head—negative. Eyes—keratitis of the right 
eye. Pupils react sluggishly to light. Nose 
negative. Mouth—teeth poor. Ears, neck, 
chest, abdomen and external genitals—nega- 
tive. Extremities—constriction on the right lit- 
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Fic. 1. Case 1. 4, photograph of toes 
of right foot showing soft tissue 
constriction of fifth toe due to 
ainhum. B, anteroposterior roent- 
genogram of right toes. Complete 
destruction of bone is seen under 
the constriction. C, oblique roent- 
genogram of right toes. Constric- 
tion completely encircles fifth toe 
with distal phalanx intact. D, an- 
teroposterior roentgenogram of left 
toes showing rotation of fifth toe. 
E, oblique roentgenogram of left 
toes. Phalanges of fifth toe are 
intact. 


tle toe between the first and second phalanges. 
There seems to be a bony separation of the af- 
fected part. 

Laboratory Findings. Urinalysis—specific 
gravity 1.030, acid, no albumin, sugar, or casts. 
Red blood cells, 4,700,000; white blood cells, 
g,000; hemoglobin, 85 per cent; Kahn reaction, 
negative; non-protein nitrogen, 21 mg. per Ic 
cc.; blood sugar, 69 mg. per 100 cc. 

Roentgen Findings. The middle phalanx ot 
the right little toe is completely destroyed. The 
distal end of the proximal phalanx is also de 
stroyed. The distal phalanx is intact. There is a 
marked constriction of the soft tissues at th 
point of destruction. The condition is probab! 
due to ainhum. 

On September 13, 1934, the right little t 
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was amputated at the metatarsophalangeal 
joint. The patient was discharged in a few days. 


Case 11. A. J., male Negro, aged sixty-four, 
born in Tennessee and has lived in St. Louis for 
the last thirteen years. Admitted to hospital 
January 28, 1935, on the service of Dr. J. Ham- 
mond for a cardiac condition. 
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Chief Complaint. Shortness of breath and 
swelling of the feet and legs. 

Present Iliness. Shortness of breath began 
five months ago, followed by cough, edema and 
ascites (details omitted). In 1920 patient no- 
ticed a dry scaly area on the left little toe. The 
toe was amputated in 1923. About the same 
time the right little toe became involved. A 


Fic. 2. Case 1. 4, photograph of toes of both feet with ainhum involving the right fifth toe and an absence 


of the left fifth toe; some hyperkeratotic changes on both feet. B, anteroposterior roentgenogram of the 
right toes. Ainhum constriction seen on fifth toe with marked thinning of stump of proximal phalanx. 
C, oblique roentgenogram of right toes. Ainhum constriction has destroyed middle phalanx and greater 
portion of the proximal phalanx. The distal phalanx remains intact. D, anteroposterior roentgenogram of 
left toes showing absence of phalanges of fifth toe, amputated 1923. E, oblique roentgenogram of left toes. 


Amputation of fifth toe in 1923 presumably for ainhum. Metatarsal essentially normal except for some 
roughening of the head. 
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constriction developed which continued to be- 
come worse and is still present. 

Past History. Measles, mumps, chickenpox 
and pertussis. Influenza in 1914, smallpox in 
1910 and malaria in 1902. Admits gonorrhea 
and bubo. Denies lues. 

Family History. Essentially negative. No 
other member had any similar trouble with feet. 

Physical Examination. Well developed male 
Negro lying in bed with marked dyspnea and 
sweating profusely. Blood pressure 210/130. 
Head negative. Eyes, ears and nose negative. 
Mouth—teeth in poor condition; pyorrhea al- 
veolaris. Chest—heart enlarged (details omit- 
ted). Abdomen distended. Liver enlarged. 
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Fic. 3. Case 111. 4, photograph 
of left toes. Ainhum of fifth 
toe with some scaliness at 
point of constriction, B, an- 
teroposterior roentgenogram 
of left toes. Marked thinning 
of distal end of proximal 
phalanx and complete de- 
struction of bone under con- 
striction. C, oblique film ot 
left toes showing extent ot 
constriction and bonedestruc- 
tion. D, anteroposterior film 
of right toes. No soft tissue 
constriction of fifth toe but 
deformity of distal end of 
proximal phalanx. E, oblique 
film of right toes. Deformity 
noted in D and fusion (prob- 
ably congenital) of distal 
and middle phalanges of 
fourth and fifth toes are seen. 


Ascites. External genitals negative. Extremities 
—edema of both feet. The left little toe is miss- 
ing. The right little toe has a circular constric- 
tion. The end of the toe is bulbous and can be 
moved very readily, probably due to a bony 
separation. There is some hyperkeratosis on the 
soles of the feet. 

Laboratory Findings. Urinalysis—specific 
gravity 1.010; small amount of albumin; no 
sugar or casts. Red blood cells, 4,850,000; white 
blood cells, 6,800; hemoglobin, 80; Kahn reac- 
tion, negative. 

Roentgen Findings. There is a soft tissue con 
striction of the right little toe. The phalanges 
on either side of the constriction show complet 
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atrophy. The base of the proximal phalanx is 
still present and a very small fragment of the 
second phalanx is visible distal to the constric- 
tion. The distal phalanx is intact. There is no 
definite calcification of blood vessels. The con- 
dition is probably ainhum. 

On February 27, 1935, the right little toe was 
amputated. 


Case 111. A. S., male Negro, aged twenty-six, 
born in Illinois and has lived in St. Louis for the 
last ten years. Admitted to hospital on April 
30, 1935 on the Service of Dr. W. Gallagher. 

Chief Complaint. Pains and constriction 
around left little toe. 

Present Illness. Began in January, 1935. 
Trimmed a corn on the inner surface of the toe 
with a pocket knife. Gradually a constriction 
began to extend around the toe and cut into it. 
During the last month the toe has become very 
painful and now patient is unable to wear a 
shoe. 

Past History. Common diseases of childhood. 
Admits gonorrhea and bubo. 

Family History. Essentially negative. No 
other member of the family has had any similar 
trouble with feet. 
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Physical Examination. Well developed adult 
male complaining of pains in his left little toe. 
Head—negative. Eyes bulge slightly, otherwise 
normal. Ears and nose—negative. Mouth 
teeth fair. Neck, chest and abdomen—negative. 
Extremities—there is a deep circular constric- 
tion around the first phalanx of the left little 
toe. It has practically cut through the soft tis- 
sues. The toe is slightly swollen and tender on 
manipulation. There is no surrounding edema 
or induration. The rest of the toes are normal. 

Laboratory Findings. Urinalysis—specific 
gravity, 1.025; no sugar or albumin. Red blood 
cells, 4,850,000; white blood cells, 8,800; hemo- 
globin, 85 per cent; Kahn reaction, negative. 

Roentgen Findings. There is a pronounced 
soft tissue constriction at the base of the left 
little toe. There is partial atrophy of the distal 
phalanx, complete absence of the middle pha- 
lanx and absence of the distal end of the proxi- 
mal phalanx. The proximal phalanx tapers to a 
sharp point in the region of the constriction. 
The condition is probably ainhum. 

On May 16, 1935, the left little toe was am- 
putated and after a few days the patient was 
discharged. 


Fic, 4. Anteroposterior roentgenograms of both feet of a white boy, aged twelve, showing congenital soft 
tissue constrictions of several toes with congenital malformations of several phalanges. 
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CASES OCCURRING IN THE UNITED STATES 


Since 1881 thirty-nine cases of ainhum 
seen in the United States have been re- 
ported in American literature. The 3 cases 
reported in this article increase the number 
to forty-two. In addition to the published 
reports, the records state’ that N. J. 
Pittman presented the first case before the 
North Carolina Medical Association in 
1880. Day'® stated that he had seen one 
case in addition to the one he reported in 
1888 and that J. L. Deslattes saw 4 cases 
in Louisiana, but no publication of the 
latter could be found. Gross*® referred to 
2 cases seen in addition to the one he re- 
ported in 1930. Thus, in addition to 42 
published cases, the literature refers to 8 
additional cases which apparently were not 
described. Mention should be made of the 
case of Snider” in which no agreement was 
reached that the condition was due to 
ainhum. 

ETIOLOGY 

The cause of ainhum is not known but 
numerous theories have been advanced. 

1. Leprosy Theory (Zambaco Pacha and 
Collas). Zambaco Pacha saw cases in 
Beirut, Syria and attributed them to 
leprosy. His patients were Caucasians. 

The presence of leprosy was disproven 
by Wucherer®® and von Schiippel”® after 
studying specimens from da Silva Lima’s 
patients. Da Silva Lima’? also was con- 
vinced that the disease was not leprous 
in origin. Ashmead® discussed the differen- 
tial diagnosis in 1896. There are marked 
differences between the physical findings, 
symptoms and racial predispositions of 
leprosy and ainhum, but most important 
is the fact that histological and bacterio- 
logical examinations of ainhum have never 
shown leprous involvement. Herrick and 
Earhart,® Darling,® Mallory,?” Hektoen,* 
and others, have found no evidence of 
leprosy. 

2. Anatomical Predisposition. Dr. J. L. 
Paterson of Bahia, Brazil,'’“* thought that 
the great obliquity of the flexor tendons of 
the two last toes of the Negroes may be a 
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possible cause. Ashley-Emile’ had a similar 
idea but believed, in addition, that the 
carrying of great weights produced a 
strain on these flexor tendons which in turn 
produced an atrophy of the nerve followed 
by fibroid degeneration at the seat of 
muscular attachment. A rotation of the toe 
occurred which produced a strangulation 
of the blood vessels. This theory would 
hardly be tenable, for then ainhum would 
be more prevalent all over Africa and not 
localized in certain parts, and all tribes 
would suffer equally. 

3. Self Mutilation by Ligatures or Rings 
(Gongora). This theory was endorsed by 
Heitzmann* but the great majority of ob- 
servers have given it no credence, for 
ainhum was found in many individuals who 
had never worn toe rings. Von Winckler® 
saw 20 cases, none of which wore rings. 

4. Congenital Spontaneous Amputation 
(Proust). These deformities are visible at 
birth and may affect any limb at any point 
in either sex of any race. 

5. Guimardaes’® stated that the proxi- 
mate cause is supposed to be in the con- 
tracture of the arteries that nourish the 
toes. The author did not elaborate on the 
cause of the contracture but the disease 
has not been shown to be due primarily to 
circulatory deficiency. 

6. Injury and Irritation. Eyles* thought 
that the position made the little toe es- 
pecially liable to injury and that the deep 
digitoplantar fold favored the retention of 
foreign material..In the presence of a fis- 
sure, irritation resulted which produced the 
hyperplasia of the epidermis. This caused 
pressure on the vasomotor nerves which 
resulted in the inflammatory and trophic 
phenomena. Manson,°°:*! also advanced a 
theory of injury followed by ulceration or 
chronic irritation due to dirt. 

7. Infection. Wellman":”.*.% developed 
the theory that chronic irritation following 
the injury to the skin was due to infection 
by the chigger, Sarcopsylla penetrans. 
Castellani and Chalmers were inclined to 
believe that parasitic infection entered a 
wound in the fold of the toe. Shepherd” 
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predicted that an “ainhum”’ bacillus might 
be found and a similar disease produced in 
rabbits and mice if inoculated but that 
white rabbits and mice should not be used. 
Horwitz" also felt that a bacterial origin 
would beestablished and Babler’a parasitic 
origin. These ideas have not been proved. 

8. Trophoneurosis. Shepherd”? felt that 
the disease is “due to some trophic dis- 
turbance of the nerve centers.’’ Scheube®® 
had a similar thought. Matas*.** held the 
view that the cause is primarily a “‘tropho- 
neurosis which gives rise to an annular 
scleroderma.” Weinstein,*’:** Pusey,™ 
Abbe,! and Welch,® also considered the 
possibility that a trophic lesion is the cause 
of the disease. No nerve lesion has been 
discovered. 

9. Circumscribed Scleroderma. Da Silva 
Lima'’ considered that the cutaneous fis- 
sure is a localized scleroderma which con- 
stricts the tissues but gave no cause for 
the skin changes. Despetits and Corre,®® 
Unna,*™ and according to Grschebin,™ 
Barthelemy, Besnier and Leistikow held a 
similar view. Acton*® thinks ainhum is a 
band scleroderma and is associated with 
parathyroid dysfunction and hypothy- 
roidism. 

10. Syphilis. Liston examined the toe of a 
case of ainhum occurring in a Hindu which 
was reported by Bharucha® and was of the 
opinion that the condition was due to 
syphilis. Wright®* also suggested syphilis 
as a possible cause. There is no evidence to 
substantiate this theory. 

11. AinhumIs Not a Specific Disease, but 
Is Only a Symptom. Hyde and Mont- 
gomery” in 1897 referred to a case of sym- 
metrical palmar and plantar keratosis in a 
child aged twelve with marked constric- 
tions involving both little fingers. In 1904 
these same authors stated that they had 
seen 3 cases of ainhum in white subjects 
where there was coincident palmar and 
plantar keratosis, and that “it can scarcely 
be doubted that ainhum is in some cases a 
scleroderma annulare, originating in the 
causes found effective in the ordinary types 
of scleroderma.” 
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Pavlovskoi and Karishevoi™ reported a 
case of “scleroderma ainhum”’ in IgI5 in a 
young Russian woman seventeen years old 
who showed keratosis of the palms and 
soles, swollen, thickened phalanges and 
areas of sclerosis, and Wigley® reported a 
case of hyperkeratosis of the palms and 
soles in a white girl ten years of age, with 
ainhum-like constrictions of the fingers. 
Stelwagon” noted the loss of one small toe 
and beginning constrictions on other toes 
and one little finger in a white male, aged 
twenty-eight, who had a generalized skin 
condition suggesting pityriasis rubra pilaris 
since childhood. Sutton’* shows photo- 
graphs of 2 cases of children with ainhum- 
like lesions of the toes and refers to another 
child with clinical ainhum who died of an 
obscure nervous disorder and at autopsy 
showed degenerated areas in the cord and 
sclerosis and neuritis of the peripheral 
nerves. The most recent advocate of the 
theory that ainhum is only a simptom is 
Grschebin® who reported a case of ring- 
like constrictions on the small toes of a 
Russian woman, aged eighteen, who also 
had a generalized ichthyosis and kerato- 
dermia plantaris and palmaris. Pyle® in 
1895 quoted Frontan as denying the exist- 
ence of ainhum as a distinct disease. 

Certain significant facts would seem to 
discredit the statement that ainhum is only 
a symptom. All of the cases just referred to 
are known to have occurred in Caucasians, 
except those of Sutton, and the presump- 
tion is that his cases were also white pa- 
tients. All of these cases had a well defined 
skin disease in association with the constric- 
tions. 

On the other hand, in practically all of 
the cases of ainhum which were reviewed 
and certainly in all of the reports which 
originated in the United States, no co- 
existing gross skin lesions as mentioned 
were present. The only lesions recorded 
were corns or calluses localized at the point 
of constriction in 8 cases, and a slight 
hyperkeratosis on the plantar flexures of 
the toes in the case of Bloom and New- 
man.’ Constitutional symptoms, neuro- 
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logic or otherwise, are generally accepted 
as lacking. Another important factor is 
that classical ainhum is almost exclusively 
confined to the dark races, especially Ne- 
groes. While it is possible that ainhum may 
be shown to be a form of girdle scleroderma 
or even be secondary to some other skin 
disease, it seems to me that until such a 
relationship is proved, the furrows occur- 
ring in conjunction with other skin diseases 
can only be called “‘ainhum-like.” 


HEREDITY 


Da Silva Lima" wrote that some of his 
patients stated that different members of 
the same family on the African Coast had 
the disease, and Weber*™ and Scheube® felt 
that heredity plays a part in the etiology. 
The cases of Weinstein,*? Doyle and 
Simon™ showed a familial tendency. Of 
the cases reported in the United States only 
those of Duhring® and Wheatland® showed 
any indication of heredity. 


RACE 


The disease occurs almost exclusively 
in the dark skinned races, especially in 
Negroes. Da Silva Lima found his cases 
among the African Negroes in Brazil, none 
being discovered among the aboriginal 
Brazilian Indians. As the importation of 
African Negroes for slavery diminished, 
the number of cases of ainhum also di- 
minished. Occasional cases have been ob- 
served in Arabs, Hindus, Mussulmans, 
Mongolians and Chinese. The disease is 
very rare among Caucasians. According to 
Bloom and Newman" the disease was seen 
in the white race by Mirault and Frontan; 
in an Italian woman born in Algeria by 
Aubry; and in 2 white girls from Syria by 
DeBrun. Castellani referred to 2 cases he 
had seen in the Balkans and one in an 
Italian peasant. Other cases said to have 
occurred in white patients have been men- 
tioned previously, but in these there was 
co-existing skin disease. Only one case of 
ainhum in a white patient has been re- 
ported in the United States. This was the 
case of Eskridge™ in a girl twelve years old 
and was complicated by uncinariasis. The 
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disease began at the age of six months with 
a bleb on the second toe which broke down 
and formed a constricting ring. After 
several years constrictions developed on 
the third and fourth toes with the loss of 
the second and third. The history of this 
case, the presence of the complicating in- 
fection, and the photograph of the foot do 
not, in my opinion, suggest that the loss 
of the toes was due to ainhum, but rather 
possibly to an “ainhum-like”’ process. The 
4I remaining cases reported in the United 
States occurred in Negroes, 25 of whom 
were born in this country, 3 in the British 
West Indies and the birthplace of the re- 
mainder was not given. In only 2 instances 
was there a history of direct African 
parentage. 
SEX 

It is generally agreed that the disease is 
more prevalent among males. Females are 
affected, however. In the table of cases it is 
found that the ratio of males to females is 
two to one. There are 28 cases reported in 
males and 14 in females. 


AGE 
Von Winckler,® Pyle,** and Brayton” 
stated that the disease is most prevalent 
between the ages of thirty and thirty-five, 
while Rosenau and Anderson® said that it 
is not frequent after thirty. The records of 
the cases found in the United States show 
that here the disease is most frequent be- 
tween the ages of thirty-one and forty and 
that the distribution according to age is as 

follows: 
Age No. of Cases 

I-IO 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 3 
71-80 I 
Not given 2 


LOCATION OF LESION 


The lesion involves one or both of the 
little toes simultaneously or successively in 
the great majority of instances. Wucherer®’ 
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said that the fifth toe is usually involved 
and that it is questionable if the fourth is 
ever involved. In 50 cases seen by da Silva 
Lima” the fourth toe was affected in 5 and 
this toe and the fifth showed the disease in 
only one of the 20 cases seen by von 
Winckler.* Potoppidan® and Crombie” 
each reported a case in which both fourth 
toes were involved and Hine** saw ainhum 
of the fourth toe of the right foot and the 
fifth toe of the left foot. According to 
Gould and Pyle,” involvement of the great 
toe of a Brahman was seen by Cooper, of a 
supernumerary finger in a child by Sen, 
and of a second finger in a Negro by Eyles. 
Dyer” states that he saw a case of ainhum 
of the great toe in New Orleans. According 
to Bloom and Newman,'® Maass stated 
that the large toes are never involved 
in the Kru tribes in Liberia. 

Pusey® agrees that the fifth toe is usually 
involved but adds that the fingers and toes 
are affected in some cases. The latter type 
of involvement is probably due to the 
“ainhum-like” constrictions previously dis- 
cussed and to this group the case of 
Eskridge™ of this series should be added. 
This case will not be included in the tabu- 
lation. 

In 38 cases reported in the United States 
the lesion involved one or the other or 
both little toes. In 2 of the 3 cases in which 
the specific location of the disease was not 
stated, no toe was mentioned, but in the 
third case (Scherck) it was one of the little 
toes. The involvement was as follows: 


Toe Cases 
Left sth 9 
Right sth 13 
Right and left sth 16 
Not stated 3 
41 


The distribution of the lesions in this 
series shows a tendency toward sym- 
metrical involvement. 


DURATION 


It is generally conceded that the disease 
extends over a period of years, but the 
duration varies, according to certain ob- 
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servers. Von Winckler® states that the 
duration is from nine months to five years, 
the average being two to three years, while 
Wucherer®® and Manson® say it may last 
from one to ten years. Da Silva Lima" 
gives the duration from four to ten years 
and Scheube® closely agrees with five to 
ten years. Weinstein®* and Blum" say it 
may last as long as twenty years. The 
duration of the disease as recorded in this 
series is as follows: 


Duration of disease Cases 
I— 6 mo. 2 
7-12 mo 4 
2 8 
3- 4yr 8 
6 yr 4 
7- 8 yr 3 
g-10 yr. 1 

yr. 3 
16-20 yr. I 
21-30 yr. I 
31-50 yr. I 
Not given 5 

41 


The duration of the disease was less than 
five years in 22 of the 41 cases, or 53.6 per 
cent. 

SYMPTOMS 


The disease begins with a partial circular 
depression in the skin at the digitoplantar 
fold of the toe, usually the fifth, at the 
inferior and medial aspect. Da Silva Lima 
states that the skin at this point is thick- 
ened and indurated. In this connection it 
will be seen that in 9 cases of this series the 
appearance of a warty growth, a corn, or a 
callus was described as having been present 
at the onset of the disease. Weber® in 1868 
called attention to the thickening of the 
cuticle and the presence of a warty-looking 
growth simulating a corn on the specimen 
which he received from da Silva Lima. 
There are no inflammatory signs or ulcera- 
tion present at the onset. The majority of 
observers state that no pain is present 
early in the disease but in 11 cases a history 
of early pain is indicated. The depression 
gradually encircles the entire toe forming 
a fissure or a furrow. The furrow becomes 
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deep and narrow as if produced by a liga- 
ture and the toe distal to the furrow 
becomes enlarged due to the slow but pro- 
gressive constriction of the tissues. This 
process continues until the toe remains at- 
tached by a mere slender pedicle. The distal 
end of the toe becomes globular and may 
swell to a considerable size, but the nail 
usually remains intact. Ulceration may 
occur at this Jate stage but this was re- 
corded in only 7 cases of this series. When 
the furrow has progressed to the point that 
only a slender pedicle remains, the phalan- 
geal bone at the level of the constriction 
has been completely divided and the toe 
presents abnormal mobility, loss of volun- 
tary control, and a change in anatomical 
relationship. Because of these changes the 
toe is subject to trauma, shoes cannot be 
worn, and slight contacts produce extreme 
pain. Many of the patients in this series did 
not seek medical aid until this stage of un- 
bearable pain was reached, some ampu- 
tated their own toes, and in others the 
pedicle became so slender that a slight 
trauma produced a spontaneous amputa- 
tion. Late pain is recorded in 34 cases of 
this series, absence of late pain in only 2 
cases and in 6 cases no information is 
available, while spontaneous amputation 
occurred in 9 cases. After surgical or spon- 
taneous amputation the stump heals 
readily, and complete relief is obtained. It 
is generally agreed that no constitutional 
symptoms are present. Scheube® quotes 
some of the older observers as describing 
changes in pigmentation, altered reflexes, 
elevation of temperature, lumbar pains, 
disturbed sensibility and skin changes. The 
skin changes described are most often re- 
ferred to as a localized thick, rough, scal- 
ing, or hyperkeratotic condition. Facio?’ 
agrees with Manson who found these 
changes frequently in Negroes who were 
not afflicted with ainhum, and Bloom and 
Newman” found hyperkeratosis of the 
plantar surface of the toes particularly at 
the digitoplantar fold of the fifth toe in 
20 out of 50 Negroes examined for this 
purpose. These changes are therefore prob- 


ably of no significance in the symptomatol- 
ogy of ainhum and none of the other 
changes are found with any degree of con- 
stancy in conjunction with or directly re- 
lated to ainhum. 


PATHOLOGY 


The first studies on the pathological 
anatomy of ainhum were made by Dr. 
Wucherer at the request of da Silva Lima. 
Subsequent reports were made in 1867 and 
1868 by Weber*™:* on specimens sent by 
Wucherer and examined by Campbell De 
Morgan and John Wood in London. Von 
Schiippel”® of Tiibingen also described one 
of Wucherer’s specimens in 1872. Later 
Heitzmann and Atkinson,* Eyles, Duh- 
ring,” Herrick,** Unna, and Weinstein*’ 
gave detailed descriptions of the pathology 
of ainhum. 

The histological findings described by 
the various authors agree in general but 
there are some variations probably due to 
differences in the stage of the disease. On 
the whole, a hypertrophy of the epidermis 
occurs in the vicinity of the constriction. 
The papillae are elongated and enlarged. 
The arteries are thickened and engorged 
with blood cells while the veins are usually 
empty. There is some perivascular infiltra- 
tion of round cells. In the corium are loosely 
arranged bundles of connective tissue with 
fat and some round cell infiltration and 
edema. The sweat glands show signs of 
atrophy. A rarefying osteitis involves the 
bone with areas of destruction. These areas 
are filled with connective tissue, and fat, 
the bone being gradually replaced by 
fibrous tissue. The point of constriction 
may be through the proximal phalanx, the 
middle phalanx or the joint. 

Drs. G. Gray and O. Blache of our 
pathology department studied numerous 
sections of the amputated toes of the three 
cases presented and described the histology 
as follows: 


There is a marked proliferation of the epithe- 
lium and some fibrosis of the cutis near the 
constriction. This change is not as marked dis 
tally. The blood vessel changes are inconstant; 
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some show destruction of the intima with an 
occlusion of the end arteries; others show a 
fibrosis with small collections of round cells 
around the adventitia, in a few there is a dila- 
tation and tortuosity; in others there is no 
change. The lymph vessels show no change. 
The bone shows evidence of absorption with re- 
placement by fibrous tissue. Bands of granula- 
tion tissue of varying density are present. Ir- 
regularly shaped spicules of bone containing 
normal marrow and held together by fibrous 
tissue are present. There are irregular clusters 
of round cells scattered throughout the sec- 
tions. There is nothing specific about the reac- 
tion. 


In all 3 cases the constriction destroyed 
the proximal interphalangeal joint, the 
distal end of the proximal phalanx and all 
of the middle phalanx except a very small 
fragment at the distal end. The distal 
phalanx is relatively intact. These cases 
were so far advanced that it is impossible 
to see exactly where the constrictions be- 
gan, but they appear to have been at or 
very near the proximal interphalangeal 
joints. 


ROENTGENOLOGICAL FINDINGS 


As previously stated, the majority of 
cases of ainhum are seen late in the disease. 
At this stage, as will be seen in the roent- 
genograms of the 3 cases presented, the 
soft tissue constriction is very marked and 
the maximum amount of bone absorption 
is seen opposite the fissure. In each case 
the distal phalanx is present, the entire 
middle phalanx, except for a very small 
spicule of its distal end, has been absorbed, 
and the distal end of the proximal phalanx 
has also been absorbed. In Case 1 the 
proximal three-fourths of the proximal 
phalanx of the right toe remains intact, 
but the shaft is narrow, the cortex is 
thinned, and the entire toe is rotated. The 
left little toe is also rotated. In Case 111, 
the proximal two-thirds of the proximal 
phalanx of the left toe remains and the 
distal third is thinned out to a very sharp 
point. The cortex is very thin and the toe 
is rotated. The right little toe is also rotated 
and there is a deformity of the distal end 
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of the proximal phalanx suggesting early 
changes. Although no fissure was present 
on the right toe, the change in the bone 
may be significant and may represent bone 
atrophy preceding the skin changes. There 
is bony ankylosis of the distal and middle 
phalanges of the fourth and fifth toes on 
both feet, a finding which, in my opinion, 
is of no significance and is seen relatively 
often in normal toes in either race. This 
condition was found in other cases of ain- 
hum reported in the literature and stressed 
by some authors to a greater or lesser 
degree. 

Case 11 shows the greatest change in 
the stump of the proximal phalanx of the 
right toe. The base of the bone is intact 
but the shaft is extremely narrow, the cor- 
tex very thin and the whole toe is rotated. 
This case, with the most pronounced 
changes, shows an absence of the left little 
toe presumably due to ainhum, and 
exostoses on the distal phalanges of both 
great toes. These exostoses, referred to by 
Alldredge’ are, in my opinion, of no signifi- 
cance, since they are commonly found in 
the same location in patients who do not 
suffer from ainhum. Alldredge also refers 
to the elongation of the involved phalanx. 
This change, described by Herrick and 
Earhart® in Ig911, is simulated only in 
Case 111, the other 2 cases being too far 
advanced. Some evidence of rarefaction is 
seen in some of the remaining bone frag- 
ments while others appear relatively nor- 
mal. 

DIAGNOSIS 

The signs and symptoms previously de- 
scribed occurring usually on the fifth toe 
almost invariably in Negroes enable one 
to make the diagnosis with little difficulty. 
Early in the disease when the fissure is still 
slight the diagnosis may be more difficult. 

Although some of the early investigators 
thought that ainhum was a form of leprosy, 
this theory was disproved by those authors 
who made the first reports of authentic 
ainhum (Wucherer, Schiippel, da Silva 
Lima) and many others in later years. 
Ainhum occurs in Negroes while leprosy 
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may affect any race. Ainhum involves the 
last toes with the characteristic fissure 
while leprosy may involve all the toes and 
fingers with no constriction. Vesicles, 
bullae, ulceration, muscular atrophy, ten- 
don retraction and cutaneous anesthesia 
seen in leprous patients are not found in 
ainhum. There are no systemic symptoms 
in ainhum and leprosy bacilli have never 
been demonstrated in the tissues or secre- 
tions. The bone changes in ainhum are 
localized at the point of constriction and 
usually involve the proximal and middle 
phalanges which first show a lengthening 
and then absorption. In leprosy, the ab- 
sorption usually begins at the bulbous tip 
of the phalanges, progressing to the shaft. 
As the process advances, the next row of 
phalanges and finally the metacarpal or 
metatarsal bones show the trophic changes. 
This mutilating change is progressive, but 
in ainhum the disease stops when the toe 
is cast off or removed surgically. 

Ainhum is differentiated from Raynaud’s 
disease by virtue of the fact that the latter 
disease is usually symmetrical, involves 
the upper extremities more often, and pre- 
dominates in females. It is not confined to 
the dark skinned races. The involved digits 
show variations in appearance due to the 
circulatory changes, and sensory symptoms 
with pain are commonly provoked by ex- 
posure to cold. Bone changes have been 
seen to involve the distal phalanges which 
show absorption of the bulbous tip, the 
area not involved in ainhum. 

Paronychia is an inflammatory process 
of the distal phalanx around the nail. 
Swelling and tenderness are present with 
or without pus formation. The condition 
is commonly seen involving any finger or 
any toe and has no sexual or racial predis- 
position. No constriction is produced and 
if bone changes occur they are due to a 
complicating osteomyelitis. 

Congenital constrictions are not limited 
to the toes, but may occur at any point on 
the upper or lower limbs. They are present 
at birth, are frequently multiple, and affect 
either sex of any race. Anomalous develop- 
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ment of the bones in the area of constric- 
tion is usually present and other congenital 
anomalies may coexist. 

Scleroderma attacks females more often 
than males and may occur at any age. The 
diffuse type of patchy, pigmented, brawny, 
induration of the skin can hardly be con- 
fused with ainhum, but the localized band- 
like, countersunk lesions may offer dif- 
ficulty in differentiation. As previously 
stated some authors consider ainhum an 
annular scleroderma. Ainhum, however, is 
seen more often in males, and almost ex- 
clusively on the fifth toe of Negroes. 
Sclerodactylia occurring in cases of sclero- 
derma shows a shrinking of several digits 
and sometimes the entire limb with arth- 
ritic changes, atrophy, and even ankylosis, 
together with the cutaneous manifestations 
of scleroderma. Pronounced constitutional 
symptoms may be present which are absent 
in ainhum. 

Fissures due to injury can be excluded 
by the history and those due to con- 
comitant disease can be eliminated by 
identification of the lesion, since in ainhum 
no coexisting specific skin lesion is uni- 
formly present. The hyperkeratosis de- 
scribed in some cases is commonly found in 
patients not afflicted with ainhum. 

Neurotrophic ulcers are usually found 
on the plantar surface of the heel or meta- 
tarsophalangeal joint of the great toe. They. 
are not uniformly found under the fifth 
toe. They begin as a callosity under which 
suppuration occurs leading to an indolent 
necrotic ulcer which is usually painless. 
Systemic disease or a general nervous dis- 
ease is usually associated. Ulceration is 
not common in ainhum and constitutional 
symptoms are absent. 


PROGNOSIS 


The disease is a purely local one and the 
general health is not impaired. Pain and 
disability are suffered late in the disease 
when the limp toe becomes a mechanical 
obstacle. After removal of the toe the 
wound heals readily, there is no recurrence, 
and the patient remains well. 
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TREATMENT 

A skin incision perpendicularly through 
the constriction was advocated by da Silva 
Lima" if the continuity of the bone was 
not lost. This was done in 2 of his cases. 
Facio”’ obtained no results with this in- 
cision. The great majority of cases are seen 
too late in the disease to attempt this pro- 
cedure and require amputation or disarticu- 
lation of the toe. Irgang and Alexander* 
obtained relief from pain in a case of ain- 
hum by theintravenous injection of sodium 
iodide followed by oral doses of potassium 
iodide. They observed this patient for a 
very short period however. 


SUMMARY 


1. The literature on ainhum has been 
reviewed, with special attention to the 
cases reported in the United States. 

2. Thirty-eight cases of ainhum were 
found in the literature as having occurred 
in the United States. Eight additional 
cases are referred to, but no published re- 
ports could be found. 

3. Three additional cases of ainhum seen 
in Missouri are presented, making a total of 
41 published cases. 

4. All of these cases occurred in Negroes 
and in 39 the fifth toe was involved, no 
location being given in the other two cases. 
There was no coexisting skin disease or 
constitutional disease except as recorded in 
the table. 

5. The majority of the cases described in 
the literature as having occurred in 
Caucasians had an associated skin disease, 
and the diagnosis in the case of Eskridge is 
doubtful in my opinion. 

6. The term “ainhum” should be re- 
served for that pathological entity which 
shows the progressive skin constriction and 
almost unvaried sequelae usually of the 
fifth toe and occurring almost exclusively 
in Negroes in the absence of other general 
skin disease or constitutional disease. The 
term should not “include a great many 
conditions of the little toe’ (Tobias) nor 
should ainhum be considered a symptom 
when constrictions occur in association 
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with other diseases as in the case of 
Grschebin. The latter type of constriction 
may be called “ainhum-like.” 

7. No new theory as to the etiology of 
ainhum is being advanced but I am in- 
clined to believe that the constriction is 
probably induced by some mechanical or 
infectious injury and that it predominates 
so markedly in Negroes because of the 
marked fibrogenetic tendency which is so 
characteristic in some members of this 
race. 
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CARDIAC MENSURATION AIDED BY 
HORIZONTAL ORTHODIAGRA PHY 


By WILLIAM ROBERT STECHER, M.D. 


EASTON, PENNSYLVANIA 


LTHOUGH there are diametrically 
opposed views as to the value and 
limitation of roentgenologic methods in the 
diagnosis of cardiac disease, all agree that 
the method is the most accurate in deter- 
mining the size, shape and relation of sur- 
rounding structures of the heart. There has 
been a recent tendency to minimize the 
value of cardiac mensuration, greater em- 
phasis being placed upon cardiac configura- 
tion. 

The frontal orthodiagram or teleroent- 
genogram enables one to determine, with 
a fair degree of accuracy, the size of the dif- 
ferent cardiac chambers. Numerous tables 
of unidimensional cardiac measurements 
have been compiled, which, parentheti- 
cally, is proof in itself of certain inherent 
limitations of this method. These measure- 
ments have been based upon the height, 
weight, age, and sex of the individual, and 
in general correspond to the outline offered 
by Klason (see Table 1). 

All cardiac mensuration should be pref- 
erably made orthodiagraphically, but tele- 
roentgenography is satisfactory, if the 
magnified distortion is evaluated. The 
measurements are made during ventricular 
diastole, with the patient holding his 
breath, during short pause after shallow 
expiration. The commonly employed land- 
marks of cardiac mensuration have been 
formulated from the anatomical and clin- 
ical studies of Vaquez and Bordet," and 
essentially consist of the following: A line 
drawn through the spinous processes of the 
thoracic vertebrae serves as the midline 
(Fig. 1, (6)). Perpendiculars (1), erected to 
the midline, represent the maximum right 
and left median diameters. The left median 
is approximately twice the length of the 
right, and together they form the greatest 
horizontal diameter of the heart. Dietlen® 
gives ratios of the median as: male, erect, 


1:1.9; recumbent, 1:2.1, and female, re- 
cumbent, 1:2.4. The popular but unreliable 
cardiothoracic ratio represents the greatest 
horizontal diameter of the heart, divided 
by the intrathoracic diameter, at the ap- 
proximate level of the former. This varies 
as follows: asthenic type, 30-40 per cent; 
sthenic type, 40-50 per cent; hy persthenic 
type, 50-55 per cent. The one important 
misleading condition is the marked varia- 
tion in ratio computed, depending upon 
the phase of respiration in which computa- 
tions are made; thus in deep inspiration, 
the cardiac silhouette becomes long and 
narrow, and in deep expiration the con- 
verse. Another factor causing confusion is 
the variation in size relevant to phase of 
cardiac contraction. The latter phenome- 
non has led to the adoption of an exposure 
value of one second to make certain the 
heart has passed through its diastolic 
phase, and so recorded upon the tele- 
roentgenogram. 

Although the cardiac apex can only be 
accurately located by roentgenoscopy, it 
is commonly situated just below the inter- 
section of the left salient and the left 
diaphragmatic dome. From this point, Gi, 
a line is drawn to D, which represents the 
juncture of the right atrium and ascending 
aorta. This line designates the length of the 
heart (2). The angle a, formed, shows the 
degree of rotation of the heart on its 
vertical axis. This is of practical impor- 
tance, for the more obtuse this angle, the 
more laterad the apex is situated, which 
will afford a greater area of cardiac dullness 
clinically, without actual increase in size 
of the heart. Factors causing increased 
degree of inclination are predominantly of 
increased intra-abdominal distention et! 
ology, viz., ascites, pregnancy, etc. The 
sthenic type averages 60 degrees; hyper 
sthenic, 70, and the asthenic, 50. From the 
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above it is observed that the greatest 
horizontal diameter and length of the heart 
are general expressions of its size. 

A line erected from the assumed left 
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the base of the heart. It is noted that this 
diameter is formed mainly by the right 
ventricle. Levene and Reid® have found 
an index of the atrioventricular ratio 


Fic. 1a. Modified diagrams of Klason and of Groedel. (1) Frontal projection. (2) Right anterior oblique 
projection. (3) Left anterior oblique projection. (4) Horizontal projection. (5) Left lateral projection. (6 


Cardiac menstruation. 


R.A., right atrium; L.4., left atrium; R.V., right ventricle; L.V., left ventricle; 4.4., auricular append- 


age (site of left 4.4. sometimes occupied by conus of right ventricle); 4o., aorta; V.c.s., vena cava supe- 
rior; ’.c.i., vena cava inferior; 4.P., pulmonary artery; P.C., pulmonic conus; D-D,, superior and inferior 
points of right atrium; G-G,, superior and inferior points of left ventricle; 7, horizontal diameter (right and 
left median); 2, length; 7, atrio-ventricular boundary; ¢, diameter of right ventricle just above the dia- 


phragm; 5, left ventricle; 6, bend of left ventricular contour; 7, right atrium; 8, bend of right atrial 
contour; 9, left atrium; 70, aorta; a, sloping angle of heart. 


atrioventricular juncture (G), to the car- 
diohepatic angle (D,), is approximately at 
right angles to the length of the heart, and 
at its intersection establishes the right and 
left oblique diameters (3). This likewise 
constitutes the atrioventricular boundary, 
and its length approximates the width of 


(DO/OG;) to be valuable. Normal values 
range between 0.534 and 0.704. Where 
there is preponderant ventricular enlarge- 
ment, the index falls to 0.400 and 0.200, 
and conversely, relative atrial enlargement 
raises the index to 0.800 and 1.000. Oc- 
casionally in the absence of other evidence 
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Orthoprojection of the Heart in Men and Women 
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Fic. 14, Semi-diagrammatic drawing of the heart, showing topography of chambers, valves, and the great 
vessels, 7, tricuspid valve; .4, aortic valve; P, pulmonary valve; M, mitral valve. 


of cardiac enlargement in the frontal ortho- 
diagram, this index may suggest a cardiac 
lesion. 

The diameter G—Gi, and the bend of 
the left ventricular contour, 6, are reliable 
estimates of the size of the left ventricle; 
the latter, which is a bisector of the left 
ventricular salient, affords a practical index 
as to degree of left ventricular hyper- 
trophy particularly in the entity of con- 
centric left ventricular hypertrophy, when 
frequently there is no other definable evi- 
dence of enlargement in the frontal projec- 
tion. 

A perpendicular erected from G to the 
midline, 9, is an unsatisfactory estimate of 
the left atrium. The line D,—G; is mainly 
determined by the caudal border of the 
right ventricle. A useful empirical rule is 
that, when this diameter approaches the 
greatest horizontal diameter of the heart, 
there is definite right ventricular enlarge- 
ment. A satisfactory right ventricular bend 
cannot be made on account of the over- 
lapping diaphragmatic dome. It is this 
latter factor that militates against any 
accurate measurement of the ventral car- 


diac surface area by planimetry. The line, 
D-D,, portrays the size of the right atrium 
and its bisector, 8, offers a gauge of the 
bend of the right atrial contour. 
Although cardiac mensuration based 
upon frontal projections is a valuable 
method, it must be conceded that it is 
well-nigh impossible to determine whether 
an enlarged right salient is due to an en- 
larged right atrium, ventricle, or both, and 
in advanced mitral stenosis the left atrium 
may transcend posteriorly and to the right 
beyond the right atrial border. Inasmuch 
as the earliest manifestation of left ven- 
tricular enlargement is dorsad, it is entirely 
overlooked in the frontal projection. 
Since the heart is a three-dimensional 
body, it is evident that no accurate esti- 
mate of its true size or configuration can be 
made from linear measurements alone, 
even though they are exceedingly useful. 
The ultimate goal of cardiac mensuration 
is the estimation of the cardiac volume 
and especially of its various chambers. The 
first conception of such a method of cardiac 
mensuration was by Moritz’ in 1905; how- 
ever, Palmieri® in 1919, independent!) 
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devised a method by which actual recon- 
struction of the living heart could be 
performed, by the aid of roentgenoscopy. 
This technique he called “‘radioplastik,”’ 
and briefly consisted of an apparatus per- 
mitting the revolving of the seated patient, 
simultaneously with and through an equal 
number of degrees as the plastic material. 
Aided by roentgenoscopic observations, a 
metallic string, attached to-an indicator, 
cut out sections of the plastic material 
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corresponding to the various depicted out- 
lines of the heart on the screen. The model 
was completed after rotating through 360 
degrees. 

Klason‘ advocated a simplification of the 
original method of Palmieri, whereby hori- 
zontal orthoprojections were readily ob- 
tainable. The silhouette thus obtained was 
formed by the maximum convexities of the 
cardiac surface. It has been fallaciously 
argued that the concavities are not re- 


Fic. 1c. 4. Cross section !evel just cephalad to fifth thoracic intervertebral disc, and passing just caudad 
to the angle of Ludovici (gladiomanubrial junction). Superior vena cava enters heart in caudal aspect of 
section 4, and cephalic aspect of section B. Pulmonary valves are noted deep down in pulmonary artery. 
Cephalic aspect of left atrium lies in caudal aspect of this section. Conus arteriosus is shown. 

B. Cross section level through cephalic part of seventh thoracic vertebra, and third sternocostal junc- 
tion. Right atrium is shown at level of entrance of superior vena cava. Left atrium cut just caudad to 
entrance of right superior pulmonary vein. Right ventricle shows tendinous cords attached to tricuspid 
valve. 

C. Cross section level through middle of eighth thoracic vertebra and fourth sternocostal junction. 

D. Cross section level through cephalic margin of ninth intervertebral disc and gladioxiphoid junction. 

Cardiac apex is slightly caudad to this level.* 

A’. Cross section level through fourth thoracic vertebra and mid-manubrium sterni. Carina trachea 

just caudad to this plane. 

Ao.A., ascending aorta A4o.D., descending aorta; 4o./., arch of aorta; V’.c.s., superior vena cava; V.c.i., 
inferior vena cava; Tr., trachea; Th., thymus; £., esophagus; ’., vagus nerve; P., phrenic nerve; P./., 
pulmonary artery; 4.v., azygos vein; R.P.V., right pulmonary vein; L.P.V., left pulmonary vein; R.Br., 
right bronchus; L.Br., left bronchus; L./., left atrium; R./., right atrium; L.V., left ventricle; R.V., right 
ventricle; 4., aortic valve; Pe., pericardial sac; /.v.s., interventricular septum; 7, tricuspid valve; M, 
mitral valve; Co.a., conus arteriosus. 

* Drawings are reproductions from actual cross section levels of frozen cadavers made at Daniel Baugh Institute of Anatomy ot 


Jefferson Medical College, and modifications obtained from “A Cross-Section Anatomy” by A. Eycleshymer and D. Schoemaker. 
D. Appleton and Co. 
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corded and the points along the cardiac 
surface are not in a common plane, and 
therefore a true cross sectional picture is 
not obtained. Klason conclusively showed, 
from extensive anatomico-pathological re- 
search, that the horizontal orthoprojection 
represents the maximum diameters of the 
four cardiac chambers, and from a practical 
standpoint, this method is more valuable 
than an orthodiagram at any specific 
cardiac level. It is seen that such can be 
obtained if desired by merely the choosing 
of the desired level and recording of all 
tangents of the cardiac silhouette crossing 
this level. 

The simplified method of horizontal 
orthodiagraphy offered herewith is in- 
tended as a provisional bridging of the 
immense gap between the unidimensional 
measurements and actual volumetric meas- 
urements accomplished by the method of 
“radioplastik.”’ 

A brief review of the gross anatomy of 
the heart will enable one to comprehend 
the potentialities of the method of hori- 
zontal orthodiagraphy (see Figs. 14 and 
Ic). 

The /eft atrium unfortunately has been 
incorrectly designated in the light of mod- 
ern concept, for it is actually a dorsal 
chamber, being fairly equally distributed 
over the two sides of the midline. It is 
situated the most cephalad of all the car- 
diac chambers. For practical purposes one 
can state that the left atrium rarely ap- 
proximates the diaphragmatic level. From 
this, it is readily perceived that slight and 
early enlargement of this compartment 
will be extremely difficult to detect in a 
frontal projection, due to the axial spread, 
primarily dorsad. Greater enlargement will 
cause encroachment upon the retrocardiac 
space of Holzknecht, and being limited 
by the vertebral bodies would of necessity 
extend transversely. As mentioned before, 
it may even project beyond the outer 
border of the right atrium. Although it is 
theoretically possible for the thoracic ver- 
tebrae to produce an indentation along 
the dorsal aspect of the enlarged left 


atrium, this cannot be discerned by this 
method as one outlines only convexities. 

The right atrium constitutes the greater 
part of the right border of the heart in both 
the frontal and horizontal projections. Soli- 
tary enlargement of the right atrium is a 
rarity, but would be manifest by increased 
convexity of the right sector of the hori- 
zontal orthodiagram and associated right 
lateral displacement of its border. 

The right ventricle is situated ventrad 
between the right atrium and left ventricle, 
forming the major portion of the ventral 
aspect of the heart. It extends slightly 
more cephalad than the left ventricle. In 
the frontal projection, merely a small part 
of the upper left salient is occasionally 
formed by the conus of the right ventricle. 
Accordingly, slight enlargement of the 
right ventricle is extremely difficult to 
demonstrate, if limited to this technique. 
The horizontal orthodiagram presents def- 
inite evidence of relatively slight en- 
largement of this chamber, as shown by 
increased width of the ventral apposing 
cardiac surface to the anterior thoracic 
cage. This is noted as an increased defini- 
tion of outline of the right and left com- 
ponents from the thoracic cage. In cases 
of uncomplicated mitral stenosis, the left 
ventricle is unaffected and the apex of the 
heart becomes pointed and displaced dor- 
sally. It is often impossible to decide, with 
any degree of certainty, regarding the line 
of demarcation of the right and left ven- 
tricle, in the horizontal orthodiagram, 
when both chambers are enlarged as in 
a “‘double mitral’’ lesion. 

The entire /eft ventricle is situated to 
the left of the midline, and contributes 
considerably to the left salient in both the 
frontal and horizontal projections, and also 
to a great portion of the dorsal aspect of 
the cardiac area to the left of the midline. 
The earliest evidence of enlargement of 
this chamber is found in rounding and 
enlargement of the left and dorsal aspect 
of the horizontal orthodiagram. This con 
vexity only occurs with continuance of 
muscular tonus, for concomitant dilatation 
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Fic. 2@. Frontal and horizontal orthodiagrams are shown and the estimated size and shape of average normal 


horizontal orthodiagram are outlined in dotted lines. Some of the illustrations are modifications of Klason 
and of Groedel. 


(1) Average normal young male adult. 

(2) Left ventricular hypertrophy resultant of early hypertension. Note that practically only the left 
ventricle is enlarged, and the greater enlargement is dorsad as compared to the left increase. 

(3) Dilatation and hypertrophy of left ventricle, with associated generalized cardiac enlargement. 

(4) Pure mitral stenosis. Note the left atrial enlargement, chiefly dorsad. The associated right ventricu- 
lar enlargement causes an apparent increased enlargement to the left, but the enlargement is actually 
anterior as is well shown in the horizontal projection. The latter displaces the cardiac apex dorsally. 
There is minimal concomitant passive pulmonary hyperemia. 

(5) Generalized cardiac enlargement secondary to mitral stenosis. Note the prominence of the right 
atrium on the horizontal projection. 


(6) Mitral insufficiency. Enlargement of both the right and left ventricles, and as demonstrated on the 
horizontal orthodiagram, left atrial enlargement. 

(7) Mitral lesion, with inordinate left atrial enlargement, which forms a portion of the right border of 
the cardiac outline in both the frontal and horizontal porjections. Thus, in the frontal projection, this 
causes a typical “squared” appearance of the silhouette. 

(8) Congenital cardiac disease (patent ductus arteriosus Botallo). Note the marked enlargement of the 
pulmonic conus and enlargement of the right ventricle. Differential diagnosis rests upon lack of left atriai 


enlargement as well visualized on the horizontal projection, and absence of passive pulmonary hyperemla, 
which is commonly present in the simulant of mitral stenosis. 


with decompensation causes more displace- 
ment to the left, with flattening of the left 
cardiac border. In true concentric left 


is usually so slight as to escape detection. 
The greatest degree of left ventricular en- 
largement is observed in aortic insufficiency 


ventricular hypertrophy, the enlargement and in essential hypertension. In far-ad- 
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1G. 2b. (1) Hyperthyroid heart. Note slight increase in size of heart, and slight prominence of the pulmonic 
conus. No pathognomonic findings, but roentgenoscopy of “dancing hila” strongly suggestive. 

(2) Hypothyroid heart (myxedema). Flaskshape, with narrow base and very broad caudal aspect, 
resembling generalized cardiac enlargement secondary to myocardial degeneration. Relative right cardiac 
enlargement. Therapeutic test of thyroid administration and return of cardiac outline to normal is typi- 
cally the diagnostic procedure. Relatively slight passive pulmonary hyperemia, as compared to decompen- 
sated heart simulant. 

(3) Free pericardial effusion. Note bell shape, with marked increase in size of heart to right and left 
and in orthodiagram circumferentially. There is notable loss of chamber markings, and the silhouette 
alters its shape with change of posture due to shift of fluid. Important differential point is complete lack 
of cardiac pulsation roentgenoscopically. 

(4) Achalasia (cardiospasm or preventriculosis) can simulate marked right-sided cardiac enlargement 
due to superimposed shadow of dilated esophagus filled with fluid and food. Differential points are: shadow 
passes up into the neck; barium readily outlines the esophageal dilatation; and horizontal orthodiagraphy 
readily delineates the two separate shadows. 

(5s) Coarctation of the aorta. Note the unusually marked left ventricular hypertrophy, with absence 
of passive pulmonary hyperemia. The aortic knob is characteristically absent, and there is pathognomonic 
scalloped appearance of the inferior aspects of the ribs in the scapular line. 

(6) Aneurysm of the descending portion of the arch of the aorta, displacing the trachea to the right 
and anteriorly. Note the erosion of the vertebral bodies anteriorly. The heart is of average or small size, 
unless the aneurysm involves the root of the aorta producing aortic regurgitation. 

(7) Adhesive pericarditis. Diffuse cardiac enlargement of atypical shape, presenting dense synechiae 
from the cardiac borders to diaphragmatic domes and pleurae. Commonly left hydrothorax and associated 
passive pulmonary hyperemia. Roentgenoscopically, paradoxical cardiac movement with respiration, but 
no change in contour. 

(8) So-called “cardiac aneurysm” resultant of coronary thrombosis. Roentgenographic signs of my: 
cardial impairment are present, and localized bulge of left ventricular salient is the site of predilection 
There is practically no pulsation visible at the latter site, and frequently is of an expansile paradoxica 
nature. 
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vanced cases, all the cardiac chambers 
enlarge successively, and the left ventricu- 
lar enlargement becomes relatively less 
prominent. 

All modifications of horizontal ortho- 
diagraphy are based upon Palmieri’s “ra- 
dioplastik”” technique. Klason‘ made an 
ingenious contrivance utilizing a photo- 


Cardiac Mensuration 


273 


simple and inexpensive, adaptable to any 
vertical roentgenoscope (Fig. 3). As shown, 
a revolving chair (an ordinary piano stool) 
is placed at a convenient distance from the 
roentgenoscopic tube. The patient is seated 
upon the stool, with the central axis being 
approximately through the center of the 
heart. Accurate positioning as regards the 
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FRONT VIEW, showing method of horizontal orthodiagraphy that can be adapted to ordinary vertical 


roentgenoscope. Note the vertical metal support rod is of such small diameter that its appearance under 
the roentgenoscope is practically a negligible factor and does not interfere in outlining of the cardiac bor- 
ders. The vertical sliding rule arrangement can be readily shifted laterally upon the roentgenoscopic 


screen and thus parallel the cardiac borders. 


(2) sipeE view. Adjustable device on under side of seat of stool determines heighth of horizontal top, 


which varies with size of patient. 


(3) Top view, depicting graph obtained by horizontal orthodiagraphy, and landmarks of anterior bor- 
der of regional thoracic vertebra and sternal edge. Reconstruction is shown in (4). 


graphic method of recording the cardiac 
borders, and is an excellent procedure 
though rather intricate. Lysholm® de- 
scribed a still more elaborate arrangement 
which is more applicable for ‘“‘radioplastik”’ 
than simple horizontal orthodiagraphy. 
The method which I have devised is very 


latter is not essential. A horizontal top 
is mounted upon the stool in umbrella 
fashion, permitting simultaneous rotation 
of patient and horizontal top. A vertical 
ruler arrangement, with right-angle exten- 
sion is attached to the roentgenoscopic 
screen. This can be moved upon the latter, 
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and any determination of the cardiac 
border is simultaneously marked upon a 
sheet of paper mounted upon the horizontal 
top with thumb tacks. This procedure is 
performed rotating the patient through 360 
degrees; and the finished graph will present 
numerous lines crossing each other and 


adjustable device 
marking pencil 
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rotating the patient, as shown in Figure 4, 
with the device maintained at the level 
desired. 

The simplest method of reconstructing 
the contour of the heart is to commence 
from the lateral positions and rotate the 
patient anteriorly; i.e. in the direction of 


paper with horizontal 
—— orthodiagram 


roller 
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“1G. 4. (1) Showing simplified method of obtaining thoracic cage outline upon paper containing horizontal 


orthodiagran. Patient is merely revolved through 360 degrees, and the configuration is automatically 
recorded upon paper, as illustrated in (2). This method of determining cross sectional level outline is 
applicable for other purposes such as charting patients for deep roentgen therapy, etc. 


outlining the heart as one would observe 
it from above (see Fig. 3, (3), (4), (5)). The 
anterior edge of the vertebrae and posterior 
aspect of the sternum are marked upon the 
graph at the level of the cardiac apex. This 
will enable a reconstruction of the thoracic 
cage at this level, which can be obtained 
by simply transferring the shape of the 
thorax obtained by placing a lead strip 
about the patient, onto the graph, or by 


the sternum. The posterior aspect of the 
cardiac shadow is obtained by rotating the 
patient toward the vertebral column. If 
desired, one can obtain a horizontal ortho- 
projection at any desired level by marking 
the screen with a waxed pencil as a guide 
to utilize the cardiac borders crossing at 
this level. The completed orthodiagram 1s 
ordinarily slightly ovoid, with the apex t 
the left and anterior, with ventral aspect 
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flattened. The greatest sagittal diameter is 
in the midline of the body, and the greatest 
transverse diameter extends from the right, 
obliquely forward to the left. As in all 
orthodiagraphic methods, the recordings 
are made with the heart in diastole, and 
just after the end of an expiratory phase. 

The finished horizontal orthodiagram 
can be filed or retraced by superimposing a 
sheet of paper and viewing through trans- 
mitted light, viz., film viewing box. In like 
manner, by placing the finished orthodia- 
gram upon cross section centimeter paper, 
a quick estimate of the surface area is pro- 
curable. 

In conclusion, it should be added that 
this method of horizontal orthoprojection 
is not limited to the heart, but is applicable 
and valuable in localization of foreign 
bodies, pulmonary abscesses, and other 
conditions. To date there has been no 
satisfactory method of producing horizon- 
tal orthoprojections with the patient re- 
cumbent, but unquestionably stimulation 
of interest in this phase of roentgenology 
will soon solve this problem. This is an im- 
portant practical consideration, for many 
patients are physically unable to sit erect, 
and thereby the examination is precluded. 


to 
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INTUSSUSCEPTION IN THE ADULT 
A CASE REPORT 


By H. C. OCHSNER, M.D.* 


and W. D. GATCH, M.D.t 


INDIANAPOLIS, INDIANA 


T= occurrence of intussusception in 
an adult, proved by roentgen exami- 
nation, and without demonstrable cause, 
resected uneventfully, leads to this report. 

Intussusception is relatively infrequent 
in the adult; the great majority of cases oc- 
cur in infancy and early childhood. It is 
probable that approximately Io per cent of 
the reported cases have been in adults, al- 
though the proportion noted by different 
writers has been quite variable. Perrin and 

Lindsay® found that only 18 of their 400 
cases were in patients over fifteen; Kasse- 
meyer® found that 151 in a series of 284 
cases were over ten; Codman? noted 9 
adults among 27 cases. Intussusception in 
adults is more likely to be of the chronic or 
recurrent type, whereas the acute type is 
the rule in children. 

The use of roentgen examination in the 
diagnosis of intussusception was reported 
by Lehmann’ and by Groedel,‘ in 1914. 
Snow,” in 1915 located by roentgen exami- 
nation the site of an intussusception but 
described no characteristic findings. Car- 
man,! and Kerley and LeWald® noted the 
diagnostic possibilities in their books pub- 
lished in 1920 and in 1923, respectively. 
Olsson and Pallin*® of Sweden, Pouliquen’® 
of France, and Retan™ of America inde- 
pendently and simultaneously succeeded in 
reducing intussusception by manipulation 
during the administration of barium ene- 
ma. 

Among the best descriptions of the roent- 
gen findings in cases of intussusception are 
those of Davis and Parker* and of Suss- 
man. Roentgen examination may be by 
means of the opaque meal or, preferably, 
the barium enema. There is usually a pal- 
pable mass, and at this site there is a filling 
defect in the barium column. The appear- 
ance of this defect is variable; frequently a 


cupola is formed by the head of the intus- 
susception. There may be a thin track of 
barium at the margins of the intussuscep- 
tum, producing an inverted or upright U, 
depending on the location. The occurrence 
of a pincer or beak appearance, of a spiral 
sheath, or of a conical stenosis has been 
noted. Occasionally a pseudo-megacolon is 
visualized. Sussman noted the importance 
of change in position and shape of the fill- 
ing defect following defecation. 

In adults intussusception is more fre- 
quently secondary to a demonstrable etio- 
logic factor; in children there is usually no 
evident cause. In adults the condition may 
result from tumor, more often benign; ul- 
ceration, such as may be associated with 
typhoid fever, tuberculosis, or other forms 
of dysentery; foreign body; Meckel’s di- 
verticulum; or appendicitis or mucocele of 
the appendix. Retrograde jejunogastric in- 
tussusception may occur following gastro- 
enterostomy. No cause could be found in 
the case we report, although the region of 
the intussusception was resected in its en- 
tirety. 


CASE REPORT 


The patient was a man, aged forty-two, who 
complained of severe abdominal cramps, diar- 
rhea, nausea, and vomiting. As an infant and in 
early childhood, the patient had suffered from 
what was called “summer complaint.” At the 
age of twenty, however, he had had the first 
seizure of abdominal cramps. He had averaged 
an attack every year or two since that time. 
These attacks of pain had been severe in nature 
and lasted one to three days, but were not 
related to meals or to exertion, nor were they 
associated with constipation or diarrhea. There 
was always an accompanying nausea, and 
vomiting frequently occurred. Enemas gave 
relief particularly while the pressure of the 
solution was present. Red blood had never 
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been passed in the stools, but for two or three 
days after an attack the patient had passed 
small dark particles which were almost tarry 
in appearance. There had been little distention 
of the abdomen during attacks of pain, and 
no palpable mass had been discovered at any 
time prior to the attack in which the patient 
was seen. 

The evening before the onset of his present 
illness the patient had eaten fresh corn and had 
taken a moderate quantity of beer. The day 
following this there was slight diarrhea, and 
mild abdominal cramps were noted. No blood 
was seen in the stools at this time. About one 
hour after the evening meal, the day before 
he was seen, the patient became intensely 
nauseated, vomited repeatedly, and there was 
an acute onset of severe cramping pains. These 
symptoms persisted but the diarrhea ceased, 
and was replaced by obstipation. An enema 
given during the night was not expelled. A 
mass was first noted in the right upper quad- 
rant of the abdomen during the night; it became 
somewhat larger after it was first noticed but 
there was little associated distention of the 
abdomen. 

When the patient first entered the hospital, 
the morning of August 8, 1937, he was in acute 
pain. Vomiting had subsided, but there was still 
moderate nausea. The bowels did not move 
and enemas were returned clear. 

The family history was essentially negative 
except for the fact that a brother had been 
subject to recurrent attacks of abdominal pain 
similar in nature to those suffered by the pa- 
tient. A daughter of the patient was said to 
have recurrent attacks of abdominal distress. 
Unfortunately, roentgen examination of these 
individuals has not been secured, to date, and 
it is impossible to state whether their attacks 
are on a similar basis. 

Physical examination of the patient revealed 
a middle aged male, well nourished, some- 
what dehydrated, suffering acute pain and in 
mild shock. He was nauseated but was not 
vomiting at that time. There were no findings 
of significance in the head, neck or thorax. 
There was a tender lobular mass the size of a 
grapefruit, fixed posteriorly in the right upper 
quadrant of the abdomen. The abdomen was 
moderately distended. Digital examination of 
the rectum disclosed no significant changes. 
The extremities and reflexes were normal. 

Examination of the blood revealed an erythro- 
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cyte count of 4.28 million cells in each cubic 
millimeter, and a hemoglobin content of 13.75 
grams in each 100 cc., with a differential count 
of 82 polymorphonuclears, 2 eosinophiles, and 
16 small lymphocytes in each 100 cells counted. 
The urine was essentially normal, with the 
exception of a faint trace of albumin. 
Roentgen examination of the colon by the 
barium enema method disclosed no abnormal- 
ity distal to the hepatic flexure. At this point 
the passage of the enema was abruptly stopped, 
only an irregular spiral trickle of barium ex- 
tending directly forward. A thin layer of bari- 
um extended upward on each side of this area, 
forming the appearance of an inverted cupola, 
and in this region was found the palpable mass. 
The patient was unable to tolerate any con- 
siderable distention or much pressure over this 
area, and administration of the enema was dis- 
continued. Figure 1 illustrates the findings of 
the barium enema with maximum distention. 
Examination after evacuation of the enema 
revealed the same findings, but in addition 
there was a delicate veil of barium scattered 
over the space included by the cupola, and 
the barium extended farther up on each side 
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of the intussusceptum. There was an area of 
faintly increased density in the region of the 
tumor mass. The findings after evacuation are 
illustrated in Figure 2. A roentgen diagnosis 
was made of intussusception extending into the 
hepatic flexure limb of the transverse colon. 
The patient was operated upon shortly after 
the roentgen examination. Under ether anes- 
thesia, the abdomen was opened through a 
right paramedian incision which started 2 inches 
below the costal border, extending vertically 
downward about 4} to 5 inches. Through this 
the aforementioned mass was examined and 
found to be an intussusception of the ascending 
colon. The cecum and ileocecal valve were lo- 
cated about 2 inches below the point at which 
the ascending colon entered the intussuscep- 
tion. The intussusception extended upward be- 
yond the hepatic flexure. The peritoneum was 
incised along the external border of the hepatic 
flexure, ascending colon and cecum, and these 
structures were gradually pulled toward the 
left, bands of connective tissue being divided in 
the process until the entire mass could be de- 
livered without peritoneum. The vessels were 
now doubly clamped and tied with No. 1 plain 
catgut. Following this the ileum was divided 
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at a point about 3 inches from the ileocecal 
valve. The transverse colon was divided just 
around the hepatic flexure. Both of these divi- 
sions were made with the cautery. An aseptic 
lateral anastomosis was now done between the 
terminal ileum and transverse colon close to the 
point of section of the latter. A stoma was made 
on the posterior surface of the colon so that it 
was completely covered by great omentum. 

The peritoneal defect was now closed in part 
with interrupted No. o chromic catgut and the 
part which could not be closed below the right 
kidney was plugged inserting a mass of omen- 
tum into it, which was anchored by means of 
suture of silk to the edges of the peritoneal de- 
fect. 

The patient’s postoperative convalescence 
was entirely uneventful; the rectal tempera- 
ture rose to 101°F. on the first postoperative 
day, but quickly dropped, so that normal tem- 
peratures were recorded on and after the fourth 
day following operation. The patient’s normal 
pulse rate was 90 to 100 beats each minute. On 
the second postoperative day it rose to 120 beats 
per minute, but at no other time was the pulse 
rate higher than the normal. The patient was 
quite comfortable and had no more distress 
than the average patient who has had an ap- 
pendectomy. He sat up on the fourteenth post- 
operative day, and was dismissed from the hos- 
pital on the seventeenth day after his admission 
to the hospital. 
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THE ROENTGEN DIAGNOSIS OF MECKEL’S 
DIVERTICULUM 


By BERNARD EHRENPREIS, M.D. 


BROOKLYN, NEW YORK 


ECKEL’S diverticulum is the residual 

part of the vitelline duct forming a 
pouch projecting from the lower part of 
the ileum in about 2 per cent of subjects. 
Gray states that the duct as a rule under- 
goes complete obliteration during the sev- 
enth week of fetal life, but in about 3 per 
cent of the cases examined its proximal 
part persists as a diverticulum from the 
small intestine which is situated about 3 to 
4 feet above the ileocecal junction. It may 
be attached by a fibrous cord to the abdomi- 
nal wall at the umbilicus. Sometimes a nar- 
rowing of the lumen is seen opposite the 
site of attachment of the duct. The average 
length is about 5 cm., and its caliber is 
generally similar to that of the ileum. The 
blind extremity of the diverticulum may be 
free or may be connected with the abdomi- 
nal wall or some other part of the intestine 
by a fibrous band. It represents, therefore, 
the remains of the proximal part of the vi- 
telline duct, the communication between 
the yolk sac and the primitive digestive 
tube in early fetal life. 

Meckel’s diverticulum is most commonly 
found in males. Balfour found only 15 
cases in 10,000 laparotomies. McGannan 
encountered 3 cases in 14 laparotomies. 
Coleman had 1.8 per cent in his series. 
Mitchell of Chicago reported 39 cases, or 
2.25 per cent, out of 1,635 autopsies. 
Adami in all his records gives an incidence 
of 2.7 per cent. 

Meckel’s diverticulum may be congeni- 
tal or acquired, complete or incomplete. 
The congenital type is due to non-oblitera- 
tion of the vitelline duct. The acquired 
type is the result of a point of lowered re- 
sistance. This usually occurs along a line 
of attachment of the mesentery to the wall 
of the intestine or where vessels pierce the 
wall. In the complete Meckel’s diverticu- 
lum the sac is formed by all the layers, and 


in the incomplete diverticulum only a part 
of the layers of the wall may be protruding. 
The structure is similar to that of the in- 
testines, containing Lieberkiihn’s glands 
and Peyer’s patches. Secreting glands of 
the gastric type may also be present. 
Heteroplasia of the gastric mucosa has 
been found in about 12 per cent. Occasion- 
ally the outlet of the diverticulum may be 
so narrowed as to possess a valve-like ac- 
tion and thus a cyst may result. Frequently 
the end of the diverticulum may adhere to 
the umbilicus, small intestine and abdomi- 
nal wall. The duct may also remain patent 
throughout, with a resultant fistulous tract 
leading to the umbilicus, excreting mucus 
or intestinal contents. The appearance of 
a fistulous tract in the umbilicus may be 
the most frequent external evidence of a 
Meckel’s diverticulum, since a certain 
number of cases of Meckel’s diverticulum 
are associated with a deformity of the 
umbilicus and navel. 


SYMPTOMS 


The outstanding symptoms of Meckel’s 
diverticulum are colicky pain, severe and 
recurrent around the umbilicus; vomiting 
which is supposed to be fairly persistent, 
depending upon the attachment of the 
diverticulum; the presence of melena, 
which is one of the cardinal symptoms; 
and hemorrhage from the bowel. 


ROENTGEN DIAGNOSIS 


The literature on the roentgen diagnosis 
of the diverticulum is quite meager. Al- 
though the subject of Meckel’s diverticulum 
is mentioned by Case under the general 
heading of jejuno-ileal diverticula, no defi- 
nite statement is made about the diagnostic 
characteristics. A thorough search of the 
literature by Pfahler mentions his persona! 
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communications with LeWald, Hirsch, 
Kirklin and Camp, and none of them has 
diagnosed a case of Meckel’s diverticulum. 
Schinz, Baensch and Friedl make the state- 
ment that no such diagnosis has been made. 
Gocht collected and edited roentgen litera- 
ture but makes no mention of the diagnosis 


Fic. 1. Round mass extends from the navel. 


of this condition. Pfahler finds that no 
such diagnosis has been made. 


CASE REPORT 


J.S., single, aged seventy-four, an inmate of 
the Brooklyn State Hospital for several years, 
presented a red mass about 1 inch in diameter, 
almost completely covered with red mucosa, 
situated at the umbilicus. The growth con- 
tained a fistulous opening discharging strongly 
alkaline clear fluid. Patient admitted having 
had this growth since birth. He did not com- 
plain of any symptoms except for the continu- 
ous discharge which he used to absorb by a 
small dressing held in place by adhesive. At 
times he used to cover this area with adhesive 
only without incurring any difficulty. He con- 
sulted a surgeon fifty years ago, who advised 
operation, which however was not done. Pa- 
tient was successful in his business. 


Fic. 2. Profile of the umbilical mass 


Fic. 3. Roentgenogram taken in the prone position. 
Four hours after oral administration of barium 
meal. Note the arrow-like configuration of the loop 
of the ileum. 
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Roentgenographic examination of the gastro- 
intestinal tract made October 10, 1934, in the 
Creedmore Division of the Brooklyn State 
Hospital revealed the following: An isolated 
loop measuring §.5 cm. on each side belonging 
to the ileum, near its terminal end, angulated 
and pointed toward the center of the anterior 
wall of the abdomen at the level of the um- 
bilicus. Only during the examination three and 
four hours after the oral administration of 
barium was this loop so well demonstrated, in 
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“Examination following a barium enema 
shows no obstruction to the passage of barium 
throughout the entire course of the colon. The 
barium enters the terminal loop of the ileum 
which points toward the growth on the skin 
(Meckel’s diverticulum). The rectum is mark- 
edly contracted, presenting thickening of the 
mucosa throughout the region of the ampulla. 
This irregularity is considered to be due to a 
nodular type of diffuse growth, such as that 
associated with polyposis or hemorrhoids. 


Fic. 4. Roentgenogram taken in the prone position. Three and one-half hours after oral 
administration of barium. A wire is tied around the umbilical mass. 


spite of several attempts at half-hour examina- 
tions at the Brooklyn State Hospital on 
February 11, 1935. This difficulty has also been 
stressed by Pfahler. 

“The protruding red mass in the region of 
the umbilicus does not communicate with the 
gastrointestinal tract. A terminal loop of the 
ileum which fills four hours after oral adminis- 
tration of a small amount of barium presents a 
triangular protrusion pointing toward this mass 
(which had been surrounded by an opaque 
dressing to orient its position during the ex- 
amination). These findings are compatible with 
Meckel’s diverticulum and partial obliteration 
of the omphalomesenteric duct for the exten- 
sion of 1 inch from the mass. 


Proctoscopic study is indicated to determine 
the possibility of malignant disease.” 

The patient died and an autopsy was done 
on July 12, 1935. 

Clinical Diagnosis: 
general arteriosclerosis. 

Mental Diagnosis: Manic depressive psycho- 
sis, manic type. 

Chief Pathological Diagnosis: Not made. 

Anatomical Diagnosis: Meckel’s diverticu 
lum extending to within 1 inch of umbilicus 
with prolongation as fibrous cord which ter 
minates in a mucosal mass. 

The examination was limited to the remova! 
of the tumor referred to, together with the sur 
rounding zone of skin and abdominal wall 1 
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an area about 4 inches in diameter. This was 
removed en masse together with a fibrous pro- 
jection attached to a Meckel’s diverticulum 
springing from the 6th iliac loop approximately 
2 inches from the ileocecal valve. A portion of 
the cecum was removed together with ileum 
about 2 feet on either side of the diverticulum. 
The tissues were well hardened in embalmer’s 
preservative, the fibrous cord and diverticulum 
were not bound to the parietes by adhesions, 
but extended toward the right fossa across the 
abdominal wall. The diverticulum curved from 
a point 1 inch superior to the ileocecal valve 
towards the midline where it joined the iliac 
loop. 

Upon dissection of the specimen the fungat- 
ing mass appears to be completely without the 
skin epithelium. There is a loop of ileum glued 
to the abdominal wall by old adhesions to the 
right of the round ligament which is repre- 
sented as a small fibrous cord. There is a smaller 
intestinal prolongation from directly beneath 
and not connected with the tumor, extending 
in the direction previously referred to, where 
it was unfortunately cut some 4 inches from its 
origin. This is filled with fecal material. 

It is to be noted that the loop of ileum is not 


Fic. 5. Lateral roentgenogram four hours after 
barium by mouth. The opaque ring surrounds 
the umbilical mass. Note the arrow-like configura- 


tion of the loop. 
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Fic. 6. Specimen removed at autopsy. 


connected with this Meckel’s diverticulum on 
close examination. The loop of ileum previ- 
ously referred to being taken for the actual 
diverticulum. Microscopic studies will be made. 
(Derby.) 

Microscopic Examination, July 21 1935. 
Specimen: wedge from abdominal tumor. ““This 
has all the characteristics of a papilloma. It 
consists of connective tissue covered with some- 
what thick epithelium. There is considerable 
cellular invasion of the stroma. There is no evi- 
dence of malignancy.” 


Comment. Localized persistent dilatation 
of a single loop of the ileum as in cases 
Pfahler and Case have described should 
call attention to the possibility of a Meck- 
el’s diverticulum. The angulation and fixa- 
tion of the isolated loop and its direction 
toward the median line in the postero- 
anterior view may offer a clue for investi- 
gation and further examination. A lateral 
view may disclose more satisfactory evi- 
dence of anterior angulation of these loops 
toward the umbilicus resembling the course 
of the vitelline duct. Thus lateral views 
taken at three to six hours after oral ad- 
ministration of barium may give additional 
evidence in this infrequently suspected 
condition, since these diverticula are apt 
to be most anteriorly situated. 


CONCLUSIONS 


A case is reported of Meckel’s diverticu- 
lum diagnosed incidental to a growth on 
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the umbilicus. The isolated position, con- 
figuration, and direction of the loop to- 
ward the midline, especially the anterior 
angulation towards the umbilicus, are 
stressed as aids in the diagnosis of this 
condition. A lateral roentgenogram four to 
six hours after oral administration of bar- 
jum is recommended in the search for this 
condition. 


I wish to express my gratitude to Dr. James T. 
Pilcher for referring this patient and for his clinical 
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aid, and to Dr. Irving M. Derby of the Pathological 
Department for his kind cooperation. 
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ROENTGEN THERAPY IN ACUTE AND 
CHRONIC OTITIS MEDIA* 


By J. P. BROWN, M.D., L. L. TITCHE, M.D., and W. E. LAWSON, B.S. 


MONROE, LOUISIANA 


HE treatment of acute and chronic 

middle ear infection with roentgen rays 
is not new in the field of otology. The use 
of the rays has extended over a period of 
thirty years, but this form of therapy has 
been employed by relatively few men. 

Roentgen therapy has been used quite 
extensively in the treatment of infections 
and inflammations of the skin and subcu- 
taneous structures, but many men were 
hesitant about employing this form of 
therapy in the middle ear under the im- 
pression that, since it was a cavity with 
rigid walls, treatment would net be success- 
ful. This, however, is not the case, because 
the middle ear under normal conditions 
is not a closed cavity by reason of its 
communication with the outside through 
the eustachian tube and abnormally this 
is supplemented by a paracentesis of the 
drum membrane or a spontaneous perfora- 
tion. 

The rationale of this form of treatment 
is well founded. It is well known that of all 
the body cells, the lymphocytes are the 
most radiosensitive. Lymphocytic infiltra- 
tion is a major and constant feature of 
inflammation and infection of the middle 
ear, and breaking down these cells relieves 
pressure within the cavity and thereby 
relieves pain. Roentgen irradiation also 
promotes phagocytosis which progresses 
rapidly until the lymphocytes are almost 
entirely destroyed. The polymorphonu- 
clears and eosinophiles undergo disinte- 
gration somewhat less rapidly. In addition 
to this cellular destruction and phagocy- 
tosis, the roentgen rays are believed to 
liberate enzymes, antibodies and other un- 
known principles which also aid in the 
processes of autolysis and liquefaction. 

Workers in this field of therapy have 
reported very good results. Goldmann! 


treated his cases of acute otitis media with 
10 to 20 per cent of an erythema dose and 
found that there was a temporary increase 
in the symptoms which reached its height 
in twenty-four hours and passed off in 
three to eight days. The majority of his 
cases required but a single exposure, but if 
a second was necessary, it was given after 
the effects of the first had passed off, that 
is, in about three to eight days. Daniel? 
obtained excellent results with 20 to sor 
if used within the first twenty-four hours. 
He believes irradiation is dangerous when 
suppuration has occurred unless adequate 
drainage is provided. Lucinian* reported 
his results in 50 cases which received an 
average dose of 71 r. This series included 
31 acute, 8 subacute, and 11 chronic cases 
of otitis media. He noted that pain was 
consistently relieved following the first 
application of roentgen rays and that the 
temperature dropped gradually, disappear- 
ing within ten to fifteen days. Yocom‘ 
treated 35 cases of chronic otitis media 
with a failure in only two. 

The technique employed by us has 
varied. At first we used 85 kv. (peak), 5 
ma., 12 inch target-skin distance, and 1 
mm. aluminum filter. Our second method 
was the same as the above, but without 
the filter. At present we are using 85 
kv. (peak), 5 ma., 16 inch target-skin 
distance, and 1 mm. aluminum filter, which 
we have concluded is the best. We have 
not followed a hard and fast rule as far as 
dosage is concerned, but have taken into 
consideration the acuteness or duration 
of the condition and the age of the patient. 
In mild cases in infants we have used 50 
to 60 r and in young children and adults 
the dosage has varied from 60 to Ioo r. 

We are not able to set a definite limit 
as to the interval between irradiations in 


* From the Departments of Otorhinolaryngology and Radiology, Vaughan, Wright, Bendel Clinic, Monroe, La. 
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cases of acute catarrhal otitis media be- 
cause our cases required only one treat- 
ment. In cases of acute purulent otitis 
from three to seven days should elapse be- 
tween treatments, depending upon the 
condition of the ear. Our cases of chronic 
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(2) bulging of the drum with obliteration 
of the short process. 
DISCUSSION OF CASES 


Acute Catarrhal Otitis Media (Table 1). 
This group comprises approximately half 


TABLE I 


ACUTE CATARRHAL OTITIS MEDIA 


, | Duration | Injection | Bulging Drum 
og | Name Age | Sex | Ear | of of of | Treat- ‘Dosage Normal Remarks 
Symptoms! Drum Drum |Mments| in r Color 
L.W. |14 B iday | x No I 50 5 days 
2 | FLW. 6 | M; L 2 days xx x I 65 1 wk. 
3 | MS. 20 | M | L 1 day XxX xx I 80 3 days 
4 12s 22 |M! B 2days | x x I 70 2 days 
5 | J.R. 8 |M/ L 1 day XX No I 80 2days| Bleb on drum 
6 H.Q. 23 M; L 1 day xx No I 80 3 days 
7 H.P. 26 |M/ R 1 day Xx No I 80 2 days 
8 C.O. | UL 1 day XXX xx | I 60 3 days 
> 1 day x No | 1 80 3 days 
10 B.M. 12 F | R 1 day x No I 80 6 days | Seen on 6th day 
11 | DM. 32 F | B 1 day xx No I 80 2 days 
12 | R.M. 10 |Mj{ R|_tiday XX No I 80 2 days 
13 |M.M.| 13 |F | tday xx | x I 80 3 days 
14 B.L 4 M; XXX XxX 2 70 todays | See Case 49 
| J.H 3 x No I 70 2 days 
16 R.H 34 rte | day xx No | 1 80 3days| Bleb on drum 
17 | J.H 18 |M| B Iday | XX No | |! 80 2 days 
i8 | J.G 12 |M|R day | x 80 2 days 
18a | J.G. 2 |M/ L $day | XX x I 100 3 days 
19 B.G. 19 M; B 1 day xx x I 60 2 days 
2 R.E. 2 M/| L adays | xx | x I 70 3 days 
21 B.G. i9 |M!| R 1 day xx | x I 7o | 2days 
22 | G.D. 30 | | R iday | x No I 80 | 3days 
23 | H.C. 20 | M/ L SS day xx No I 80 | 3days 
24 M.C. 2 I | B 1 day xx | No I 60 | 2days 
25 B.C, 7 ge | 1 day I 80 4 days 
26 | C.B. 2 M; R 2days | a ee I 60 4days| See Case 48 
27 E.B. 35 I R | tday xx | x I 80 2 days | 
28 | O.B 4 MR | 1 day | XxX No I 70 3 days 
29 D.1 22 M R 1day | xx No I 60 2 days 
29a | DI 23 12 hr. Xx 70 2 days 
29b | D.L. 22 Mi L 1 day x No | 1 70 | 2days 
30 7 6 hr. XX No I 80 | 3 days| See Case 43 
31 W.L. |15 mo. M| L 1 day x No I 50 2days | See Case 42 


purulent otitis received therapy about ten 
days apart. 

In determining whether to use roentgen 
irradiation alone rather than to precede 
the irradiation by a myringotomy in acute 
cases of otitis media, we used the following 
criteria: (1) temperature not over 99.6° F.; 


of our cases, because we have attempted 
to employ roentgen therapy in preference 
to myringotomy. Examination revealed 
various degree of acuteness from ver) 
slight injection of the drum membrane 
to marked engorgement and bulging. Onl) 
one case (Case 14) required myringotom) 
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following therapy and in this instance 
myringotomy had been refused by the 
parents and roentgen therapy was tried 
as the only resort. We were fortunate in 
seeing the majority of these cases within 
the first twenty-four hours and the others 
within the first forty-eight hours. The ages 
varied from fourteen months to thirty-five 
years. The 33 cases required only one treat- 
ment, with one exception. This patient 
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ber of treatments was one per patient, with 
an average of 72.9 r and return of the drum 
to normal in 3.15 days. 

Acute Purulent Otitis Media (Table 11). 
There were 18 cases, or about 25 per cent, 
in this group. Twelve cases had myringot- 
omy performed by us while the other 6 
had had spontaneous rupture of the drum 
membrane within twenty-four hours of 
being seen. The duration of symptoms 


TaBLe Il 


ACUTE PURULENT OTITIS MEDIA 


Duration| Duration 


of 


Age |. of Myr- | Treat-| Dosage} Ear | 
No. Name yr. Sex Ear} Symp- | Dis- | ingot- ments| in r Dry | Remarks 
toms | charge | omy | | | 
32 | M.W.| 23 |M|B | 2days | No Yes | 1 | 70 5 days | 
33 «| « S.W. 15 M {| R | 1day No Yes | 1 70 5 days | 
34 R.T. 28 M | R | 3days 1 day No 2 80 21 days| Treatments 9 days 
| apart 
35 | ES 25 | F | R | 1day | Neo | 3 i 4 days | 
36 | 28 | F |R | 1day No | Yes | 1 Bo | 10days/| 
7. | WP. 26 | 1 day iday | No | 1 60 6 days 
38 | W.M. 8 M | R | 1 day 1day | No I 80 4 days | 
39 DG. 7 |M/R i 1day No | Yes I 80 | 3 days | 
40 | J.M. 8 M | R | 1 day No | Yes 2 60 | gdays| Treatments 3 days 
apart 
41 E.M. 26 F | L | 1tday No Yes | 3 | 80 | 18days| Treatments 7 days 
| apart 
42 | W.L. |15 mo.) M| R | 1 day No Yes I so. | 3days| See Case 31 
43 | J.J 7 |M{I 6 hr. No Yes 2 80 | 21 days| Treatments 18 days 
apart; see Case 30 
44 | C.G. 206 | F ii 2 days 1 day No I 70 5 days | 
45 | S.B. |22 mo.| F | B | 1 day No Yes re Te 4 days | 
46 | W.B. | 4 mo.| M | B | 6hr. No Yes 1 | 50 | §days 
47 | J.B. 7 |M|B | 2days | 1day No I 60 | 7days| 
48 | C.B 2 |MiI 2days | No Yes I 60 | 7days| See Case 26 
49 B.I 4 M | I 1 day No Yes 2 70 | 10days| Treatments 7 days 


received treatment within the first twenty- 
four hours and the drum membrane was 
of normal color forty-eight hours later. 
One week later the other ear became in- 
volved and normal appearance of the drum 
was noted after forty-eight hours. One 
week after this the second ear flared up 
again but was restored to a normal con- 
dition within forty-eight hours also. Since 
then the patient has not experienced any 
return of the condition. The average num- 


apart; see Case 14 


varied from three days to six hours of the 
time of the first examination. These pa- 
tients varied from four months to twenty- 
eight years of age. In all cases in which 
myringotomy was performed, the patient 
was taken directly from the operating 
room to the roentgen department for 
therapy. Four patients received two treat- 
ments and one received three. These 


patients received an average of 1.33 treat- 
ments per patient, with an average of 70 r. 
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The ears were dry and the drums normal 
within an average of 8.16 days. Four pa- 
tients required two treatments and one 
patient three treatments. 

Chronic Purulent Otitis Media (Table 
11). This group comprised 7 cases, or 
about 10 per cent of the series. These cases 
consisted of those in which the ear had 
been draining for a week or more before 
being seen by us, with a history in the 
majority of a discharging ear at times of 
from four months to eight years’ duration. 
None of these required myringotomy, the 
opening in the drum being of sufficient 


average dose of 64.54 r. The ears were dry 
within an average of 11.63 days. 

There are 11 cases in this series which 
we have not classified. Nine of these are 
cases which received an initial roentgen 
treatment and did not return for further 
observation. There were 2 cases of acute 
catarrhal otitis media, 3 of acute purulent 
otitis media, and 5 of chronic purulent 
otitis media. The remaining 2 cases require 
more detailed discussion. 

Case 1. A white female, aged thirteen, had 
had influenza for the past week. She had begun 
complaining of pain in the left ear about six 


Taste III 


CHRONIC PURULENT OTITIS MEDIA 


ad Name | Age | Sex | Ear| Original | Present | 
| Condition! Condition) 
50 | 42 | 8yr. 10 days 
st | S.W. 60 | F | R | 1 wk. 
52 | T.M. | 18 |M|R I yr. 4 days 
54 mon 13.12 | B | 4mo. 2 days 
s4a | 13 |F | R 9 mo. 1 wk 
ss | E.B. 244 |F |R 1 wk. 1 wk 


Duration | Duration | 


| 
Treat- Dosage} Ear 


be Remarks 
ments} in r | Dry 
2 70 | 14days| Treatments g days apart 
I | 80 | 14days 
I | 60 7 days 
I 60 4 days | 
3R | 70 30 days| Treatments 10 days apart 
R 
iL | 7 days 
L 
1 | 80 | todays} Recurrence in 4 mo. 
1 | 8 | 7days 


size to afford excellent drainage. Six pa- 
tients received only one treatment, one 
received two treatments and one received 
three treatments. The patient who received 
three treatments had had a discharge from 
both ears for the past four months. Ex- 
amination revealed a large perforation of 
the right drum and a small one of the left. 
Seventy roentgens were given to each ear, 
resulting in a dry left ear in one week, but 
the right ear necessitated a repetition of 
the dose twice at ten day intervals to 
effect a dry ear. Four months later the 
right ear began draining again and the 
patient was szen one week later. Eighty 
roentgens were given to the ear and ten 
days later the discharge had stopped and 
has not recurred. An average of 1.37 treat- 
ments per patient was given with an 


hours before we saw her. Examination revealed 
no pathology in the right ear but the left drum 
membrane was injected, the light reflex absent, 
and marked bulging in the posterior portion. 
Temperature was 100.4°F. A myringotomy was 
performed immediately. The next day the ear 
was draining profusely and the temperature 
had fallen to 99.2°F. On the third day, the 
left ear was still draining but the patient 
complained of pain in the right ear and exami- 
nation revealed a red and bulging drum which 
was incised. Both ears continued to drain 
freely but on the sixth day the temperature 
was 102°F. and there was marked tenderness 
over the mastoid tips. The patient was ad- 
mitted to the hospital and a roentgenographic 
study revealed cloudiness of both mastoids. 
Smears from both ears revealed pneumococci. 
Roentgen irradiation with 50 r was given ove! 
both mastoids. The following day she com- 
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plained less severely of pain, tenderness over 
the tips was not very marked, and the tempera- 
ture was 99.4°F. The next day the temperature 
was normal and the patient was allowed to go 
home. She continued to improve rapidly, the 
left ear being dry on the eighth day. Another 
treatment of 50 r was given to the right ear 
on the eleventh day and this ear became dry 
on the fourteenth day. The right ear drum 
healed completely on the seventeenth day and 
the left drum on the twentieth day. There has 
not been any recurrence in either ear. 


Case u. A white female, aged fourteen, had 
had discharging ears since eight months of age. 
Whenever she “took a cold” the ears would 
“run” for about a month. Examination re- 
vealed both external canals filled with a thick 
tenacious mucopurulent discharge. The lower 
and anterior portions of both drums had been 
destroyed and the middle ear was filled with 
granulation tissue. Roentgen therapy was in- 
stituted to determine whether any benefit 
would result in such a case. This consisted at 
first of 80 r to each ear at weekly intervals for 
five treatments. At that time the discharge 
was noticeably less and the patient stated that 
she thought that her hearing had improved. 
Then 100 r were now given to each ear at 
biweekly intervals for five doses and at the 
end of this time both ears were practically 
dry. Since then there have been occasional 
recurrences in the ears, which have responded 
to roentgen therapy. We do not believe that 
we have effected a cure in this condition, but 
it seems that we have afforded considerable 
relief to the patient. 
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SUMMARY 


In summing up this series of cases the 
most pronounced result of roentgen ther- 
apy in otology is the effect in cases of acute 
catarrhal otitis media. It is striking to 
observe how quickly the pain is relieved 
following the application of these rays, 
and in from two to three days the drum 
membrane is normal. In cases of acute 
purulent otitis media, pain is relieved in a 
few hours, but the most useful effect of 
roentgen therapy is that the discharge, 
instead of continuing from four to six 
weeks following myringotomy or perfora- 
tion, clears up in about a week. In chronic 
purulent otitis media we have a useful 
adjunct to our therapy. Instead of mastoid- 
ectomy it now seems that a short series 
of roentgen treatments will suffice to bring 
about an ear that is not only dry and free 
from pain, but one in which hearing is 
fairly normal. None of our cases has 
shown any complication following this 
mode of therapy. 
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ESSENTIALS OF A REGISTERED HOSPITAL 


N this issue of the Bulletin of the Inter- 

Society Committee for Radiology, an 
important action of the Council on Medical 
Education and Hospitals of the American 
Medical Association is reported. To its 
“Essentials of a Registered Hospital” the 
Council has added the simple requirement 
that “It shall not be the policy of the hospi- 
tal to make a profit from the department 
of radiology.”’ The new provision was ap- 
proved by the House of Delegates at the 
St. Louis session. 

Radiologists who may not be happy with 
the present arrangements with hospitals 
must not immediately conceive the idea 
that the American Medical Association 
and its Councils can eliminate any disagree- 
ments with hospitals. It must be remem- 
bered that whatever arrangements any 
radiologist has already made and worked 
under at his hospital have been a matter of 
negotiation. The action of the Council 
must not be seized upon by any radiologist 
who feels that he has a convenient weapon 
or a threat with which to wage new argu- 
ments with his hospital. There has been 
some mutual failure to reach satisfactory 
agreements. 

The mere fact that some hospital has 
exploited a radiologist does not relieve the 
radiologist of the implication that he has 
been agreeable to the exploitation over a 
period of time. Sometimes the radiologist 
has taken over the hospital merely by the 
token that he was agreeable to certain 
elements of exploitation in order to secure 
that hospital’s roentgenologic department. 
This mutual guilt cannot be overlooked. 
It must be worked out calmly and slowly 
and righteously for both parties. Any radi- 
ologist who has agreed to some measure of 
exploitation has been just as guilty of 


disturbing ethics as the hospital that im- 
posed the exploitation. 

No scientific society of specialists and 
no national medical organization has yet 
assumed the prerogatives of a trade union 
or syndicate. Certainly, the American 
Medical Association must treat hospitals 
with honesty and fairness if it is to expect 
a like measure of honesty and respect from 
the hospitals. As yet there is no warfare 
between hospital and physician. Their re- 
lationship must be mutually agreeable to 
obtain the service demanded and expected 
by the sick. 

Radiology has developed within a pe- 
riod of increased hospitalization and of 
itself demands sacrifices for financing the 
large expense of roentgen procedures. Evo- 
lution in the methods of financing such 
unusual demands is just as necessary as 
safe evolutionary methods of medical prac- 
tice. Out of all this turmoil and misunder- 
standing of the hospital and physician 
relationship will come positive iacts of 
procedure and practice. Neither side can 
expect to dominate the situation without 
retaliatory measures that could damage or 
destroy. 

The focus point for all manner of ne- 
gotiation and argument is the sick patient 
who wants to get well as quickly, conven- 
iently, and reasonably as is consistent with 
good medical practice and efficient hospi- 
talization. No physician, be he specialist 
or intern, can hope to achieve individual 
or collective success or sustenance by any 
other fundamental principle. Any dilution 
or tincturing or alteration of the funda- 
mental demands of the sick patient cannot 
be in the least helpful. 

It must be remembered that there is no 
police authority and no legal power avail- 
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able to the Council on Medical Education 
and Hospitals. Whatever it accomplishes 
must be done through mutual agreement 
and through an enlightened public opinion 
and a sympathetic professional attitude. 
The mere withdrawal of registration of a 
hospital for internship or residencies does 
not close any hospital. It took a good deal of 
time and education to bring hospitals to 
the realization that such registration was a 
good system of practice. The imposition of 


new features to the requirements for regis- 
tration of a hospital may serve to destroy 
much of the major progress that has al- 
ready been a matter of mutual agreement. 
Even though radiologists have achieved 
this far-reaching advance in the recognition 
of the merit of their arguments for better 
essentials, there must not be any selfish de- 
mands for their imposition upon a hospital 
that has already given way considerably. 
E. H. SKINNER 
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HENRY KHUNRATH PANCOAST 
1875-1939 


OUR idealism as a physician and 
your inspiration as a leader have 
stimulated all whose privilege it has been 
to serve under you.” 

With these words of heartfelt apprecia- 
tion, over two-score of his former associ- 
ates and students publicly saluted,* at the 


Foreword in The Henry K. Pancoast Anniversary Number. 
Amu. ]. Roentceno. & Rap. THERAPY, 1937, 75, 2. 


termination of twenty-five years of his 
Professorship at the University of Pennsyl- 
vania, a well-beloved teacher, clinician and 
investigator whose remarkable personality 
and pre-eminent abilities have now been 
lost to American Radiology. One of the 
strongest pillars of her intrinsic structure, 
Henry K. Pancoast was indeed an inspiring 
leader as well as an idealistic physician, 
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and a thorough recognition of the fact 
became widespread, with the years, far 
beyond the small group of his close associ- 
ates who worked with him day by day in 
his laboratory. These attributes of tranquil 
yet undeviating leadership, of the loftiest 
idealism, as well as his courtesy, his mod- 
esty and his kindliness, were felt by every- 
one who came in touch with him in any 
manner or degree—in clinical consultation, 
in executive council or upon the floor of 
open discussion. 

Henry Pancoast, of pure Quaker descent, 
was born in Philadelphia of Doctor Seth 
and Susan (Osborn) Pancoast on February 
26, 1875. He acquired his early education 
at the renowned Friends’ Central School, 
from which he was graduated in 1892 as 
First Scholar of his class. After being em- 
ployed in the field of banking for a short 
time, he decided to study Medicine and in 
due course received his degree from the 
University of Pennsylvania in 1898. He 
served as a member of the House Staff at 
the University Hospital until 1900. At the 
expiration of this term of service, Pancoast 
opened an office in Philadelphia. In private 
practice and in a post-graduate appoint- 
ment as Assistant Demonstrator, his earli- 
est activities were largely surgical, but by 
the year 1902 he had become so deeply at- 
tracted by the manifest future of radio- 
activity in Medicine that, when the late 
Charles Lester Leonard resigned as “‘ski- 
agrapher” to the University Hospital, 
Pancoast promptly accepted the post when 
it was offered him. 

Doctor Pancoast has fortunately left a 
valuable historical document in the form 
of a detailed autobiographic account of his 
career as a radiologist. It is an accurate 
picture* of the “great triumphs and small 
disappointments” experienced by those 
who first attempted the practical study of 
the roentgen rays and of radium in relation 
to the diagnosis and treatment of disease. 
It describes the gradual evolution of such 
work at a great hospital institution—from 


* Pancoast, H. K. Reminiscences of a radiologist. Am. J. 
Roentcenot. & Rav. THERAPY, 1938, 79, 169. 
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the mere cubicle of an “‘x-ray room” tucked 
in almost anywhere “out of the way of the 
real work of the hospital” to the modern 
installation of a huge department of ra- 
diology upon which all hospital work de- 
pends. Pancoast and his contemporaries 
saw the whole course of this developmental 
progress, and only their honorable comple- 
tion of the earthly tasks allotted to them 
precludes their witnessing even greater 
things to come. 

For young Pancoast it was a rapid transi- 
tion onward from the primitive pursuits 
of the “skiagrapher.”’ His early work was 
sufficiently promising to extend the already 
far vision of those in charge of hospital 
affairs who had the “new science” most 
at heart, so that in 1912 he was elevated, 
non gradatim, to a Professorship in Radi- 
ology that was created for him, following a 
period of seven years as “Lecturer on 
Skiagraphy.” This major appointment car- 
ried with it the codrdinate position of 
Roentgenologist to the University Hospi- 
tal. From that day to this at the Medical 
School and in the Hospital of the Univer- 
sity of Pennsylvania, systematic teaching 
has become thoroughly blended with clini- 
cal practice. How well Henry Pancoast 
developed this happy coalition is now a 
matter of completed history. His efforts 
have resulted in one of the finest American 
opportunities for practical postgraduate in- 
struction in radiology. 

The constructive influences of his pre- 
cept and example on the evolution of 
rational roentgenology were potent. Both 
in diagnosis and in therapeusis his investi- 
gations were painstaking and thorough, 
while his literary communications were 
almost meticulously careful. Even without 
reference to the recently published ac- 
counts of his accomplishments and tabula 
tions of his bibliography, one can easily 
recall to mind his researches into the sub 
jects of poisoning by certain salts of bis 
muth during the procedure of alimentar) 
diagnosis; of the possible eftect on al 
mentation by moderate doses of some 


opium derivatives; of the influence ©! 
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roentgen irradiation on certain diseases of 
the blood-forming organs—on which sub- 
ject he published at least ten authoritative 
papers—and of the roentgen diagnosis of 
the “‘dust” diseases involving the respira- 
tory tract. 

It would seem that, in the press of such 
investigative activity as is revealed by the 
publication of well over one hundred papers 
from 1903 to 1938 and two exhaustive 
monographs, the more recent of which has 
just been completed, Pancoast could scarce- 
ly have found opportunity for additional 
occupation pursuant to his profession. Yet 
he lost no chance to exercise his life-long 
interest in the progress of his colleagues 
as recorded and discussed at scientific 
society meetings from year to year. He 
affiliated himself with the American Roent- 
gen Ray Society within three years after 
the date of its founding and at once pre- 
sented before it a full and detailed paper 
(1903) on the results of roentgen therapy 
in over one hundred cases. Every year 
thereafter he shared prominently in its 
annual scientific program and in its execu- 
tive sessions. He was its Secretary during 
1911 and Ig912 and became its President 
the following year. He took a proportion- 
ately keen interest in the work of other 
radiological associations, some of which he 
helped to establish. The earliest of these 
was the Philadelphia Roentgen Ray So- 
ciety, organized at the call of the late 
Charles Lester Leonard by a small group 
of which Pancoast was one. In turn, this 
Society as a body founded the Philadelphia 
Postgraduate School of Roentgenology, 
which boasted of six students during its 
first year. Pancoast observed years later 
that this was probably the first post- 
graduate school in roentgenology in the 
United States. During its comparatively 
short life it was sponsored by the pioneer 
group above mentioned; ultimately it was 
absorbed in the formation of the Graduate 
School of Medicine of the University of 
Pennsylvania. 

In the field of radium therapy Pancoast’s 
practical interest was aroused at an early 
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period of his hospital activity and in- 
creased as the medical application of this 
agent became developed. His working sup- 
ply of radium was frequently augmented 
through the generosity of friends of the 
hospital who were in large measure such 
because they had previously become his 
friends, so palpable was his sympathetic 
kindliness towards those in physical dis- 
tress. When the American Radium Society 
was formed he became active in its affairs, 
serving as its Secretary in 1917 and its 
President two years later. 

Of the American College of Radiology 
Pancoast was one of the early Chancellors 
and continued as such for four years, when 
he was elected its President for the year 
1933-1934. Two years previously he had 
been appointed to the Chairmanship of the 
Section on Radiology of the American 
Medical Association for its scientific as- 
sembly at New Orleans in 1932. In 1933, 
as a climax to his faithful services in con- 
nection with the aims and work of the 
various scientific organizations of his spe- 
cialty, he was chosen President of the 
First American Congress of Radiology, 
which met at Chicago in the autumn of 
that year. In 1934, with little thought of 
the burdens he had already carried in 
various official capacities from year to 
year, he accepted the responsibilities of 
the first Presidency of the American Board 
of Radiology. Pancoast assumed these ad- 
ditional duties during the period of four 
years in which he also served on the Execu- 
tive Committee and the Board of Directors 
of the American Society for the Control of 
Cancer. He was one of the early (1922 
members of the Radiological Society of 
North America. 

But the height of Pancoast’s “idealism 
as a physician” implied the breadth of the 
general practitioner’s background as well 
as the inherent concentration of the special- 
ist. To a degree unusual after thirty-five 
years in radiology, he maintained the wide 
field of vision acquired in his earliest post- 
graduate years, when both general surgery 
and obstetrics were within the scope of his 
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teaching. Thus his interest in medical 
progress outside the boundary of his own 
work was always keen. A member of the 
American Medical Association and of his 
State and County medical societies from 
the beginning of his career, he soon there- 
after became affiliated with the Pathologi- 
cal Society and the College of Physicians 
of Philadelphia as well as the Philadelphia 
Medical Club. 

Doctor Pancoast’s initial observations 
on the roentgen diagnosis of the pulmonary 
dust diseases, already mentioned, espe- 
cially those of the industrial type, were 
the first of many later communications on 
this subject from his pen. His appointment 
as Consulting Physiologist to the United 
States Bureau of Mines was one result of 
this exhaustive work. 

With characteristic generosity, Pancoast 
also found time to assist the radiological 
services of institutions other than his own, 
in the capacity of consultant, to say noth- 
ing of his conscientious effort to arrive at 
diagnostic conclusions from roentgeno- 
graphic films, tightly rolled and often of 
indifferent quality, sent to him through 
the mail. He accepted with good grace 
this apparently unavoidable and _thor- 
oughly unsatisfactory custom, and had 
been known to refer facetiously to his 
extensive mail-order consulting practice. 
He took genuine delight, however, in his 
personal contacts as Consulting Roent- 
genologist to the Bryn Mawr Hospital 
(1923), as Consultant to the Radiological 
Clinic of the Philadelphia General Hospi- 
tal, and as Radiologist (1931-1935) to the 
Chestnut Hill Hospital. 

Doctor Pancoast served in the Navy at 
the time of the World War. He joined the 
Medical Corps of the Naval Reserve Force 
in 1918 with the grade of Assistant Surgeon 
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and the rank of Lieutenant (J. G.); after 
the Armistice he was transferred to the 
Inactive List with the grade of Passed 
Assistant Surgeon and the rank of Lieuten- 
ant. 

It needs but the superficial reading of 
any written attempt at tribute, however 
poorly executed by the pen of another or, 
indeed, but a glance at Pancoast’s own 
writings, to discern, even as he who runs, 
the ingrained quality of this man and the 
full dimensions of his character. As an 
individual, a record of even the major 
facts of his life is commensurate with 
those rare biographies which, on being 
read, are laid aside with reluctance. For 
radiologists of the present and the future 
this life is a pattern of a kind that all 
scientific men admire—clean-cut, smooth 
of edge, true of angle and of dimensional 
exactitude. 

Henry Pancoast cannot be said to have 
been a versatile man; therefore he was a 
great radiologist. His face was turned 
toward but one objective—better radiology 
at his own clinical work-bench and at those 
of each of his assistants and students. A 
man whose intellectual honesty permeated 
his being as roentgen rays permeate the 
screen, he despised mental side-stepping 
and ignored collateral subterfuge. His love 
of truth was intense. To him it was precious 
treasure hopefully to be sought in every 
human heart. If at times he failed in his 
quest, he was unutterably chagrined; any 
attempt to suppress truth, or distort it, 
incurred his complete disdain. 

As time passes, many will arise to fill 
his place in the vineyard of Science wherein 
he labored, but in the final estimation, any 
man who can properly be classified with 
Henry Pancoast shall be happy indeed! 

Percy Brown 
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CHARLES DE FOREST LUCAS 
1899-1939 


‘NHARLES DE FOREST LUCAS was 

4 born in Montgomery County, Vir- 
ginia, February 24, 1899. After attending 
local schools in Snowville and Christians- 
burg, Virginia he entered Milligan College 
where he received the degree of Bachelor 
of Arts in 1918. In 1921, he married Miss 
Ruth Gaines of Mt. Airy, North Carolina. 


In 1926, he was graduated from the Medi- 
cal College of the University of Virginia. 
He spent the next year in the Department 
of Pathology at the Boston City Hospital, 
and then served a surgical internship at the 
Roosevelt Hospital in New York, during 
the years 1928 and 1929. Having decided 
to specialize in the treatment of cancer, he 
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spent the next two years visiting and ob- 
serving treatment methods in various Eu- 
ropean cancer clinics. In 1932, he returned 
to America to serve as a Rockefeller Fel- 
low-in-Cancer-Research at the Memorial 
Hospital, New York. On the completion of 
this service, he opened the Charlotte Clinic 
for the treatment of cancer and allied 
diseases at Charlotte, North Carolina, 
which he directed until the time of his 
death on March 13, 1939 from the self- 
same disease which he had chosen as his 
own specialty. He is survived by his widow 
and five children—three sons and two 
daughters. 

He was a member of the American 
Medical Association and of the State and 
County Medical Societies, the Radiological 
Society of North Carolina, the Southern 
Medical Association and the American 
Radium Society. 

In spite of poor health during the last 
few years of his life, he nevertheless ably 
directed the steady growth of his cancer 
clinic, and in addition found time to make 
several valuable contributions to the litera- 
ture on the treatment of cancer. Although 
an able surgeon, Dr. Lucas devoted a great 
portion of his later energies and interest 
to the standardization and improvement 
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of radiation technique, both as an adjunct 
and as an alternate to surgery in the treat- 
ment of cancer. His concept of cancer was 
that of a surgeon trained in both pathology 
and radiation therapy; his concept of ra- 
diation therapy was based upon a broad 
knowledge of radiation physics, and he was 
untiring in his efforts to place radiation 
dosage upon a more rational physical basis. 

Those who were privileged to know 
“Luke” well, loved and respected him for 
his kindliness, his loyalty to his friends and 
his intellectual honesty, and during the 
last few months of his life, for his courage 
in the face of his affliction, the inevitable 
outcome of which no one was better quali- 
fied to predict than “‘Luke” himself. To 
the end, he maintained a broad objective 
interest in cancer and liked nothing better 
than to discuss the subject with his inti- 
mates. He was heard to remark on more 
than one occasion that if he “could only 
have lived five to ten years longer,” he 
might possibly have been able to contribute 
something really worth while. Those who 
observed the steady progress of his early 
efforts can have no doubt that death cut 
short what undoubtedly would have been 
a brilliant career. 

Hayes EF. Martin 


RESOLUTIONS 


T THE Third Executive Session of the 
American Radium Society held in St. 
Louis, May 16, 1939, the following resolu- 
tions were presented by Dr. Hayes E. 
Martin and adopted by the Society: 


Wuereas, Doctor Charles De Forest Lucas, a 
member of the American Radium Society 
since 1935, died at his home in Charlotte, 
North Carolina, on March 13, 1939; be it 


Resolved, That the members of the American 
Radium Society duly assembled at the regu- 


lar annual meeting in May, 1939, at St. 
Louis, Missouri, hereby express their deep 
sorrow and sense of loss on the occasion of 
the untimely death of their colleague whose 
achievements had given such promise of a 
brilliant and useful career, and be it 


Resolved, That the American Radium Society 
officially extend to his bereaved family this 
expression of heartfelt sympathy, and be it 
further 


Resolved, That these deliberations be spread 
upon the Minutes of this Society and that a 
copy be sent to his widow. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep States or AMERICA 

American RoentceN Ray Society 
Secretary, Dr. C. B. Peirce, Royal Victoria Hospital, 
Montreal, Canada. Annual Meeting: Chicago, IIl., 
Sept. 19-22, 1939. 

American or RapIoLocy 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., 
Chicago, Ill. Next Annual Meeting: New York City, 
June 12, 1940. 

Section on RaproLocy, AMERICAN MeEpIcat AssociaATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: New City City, 1940. 

Rapro.ocicat Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Atlanta-Biltmore Hotel, 
Atlanta, Ga., Dec. 11-15, 1939. 

RADIOLOGICAL Section, BALTImorE City Mepicat Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets 
third Tuesday each month, September to May. 

Section, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets twice annually in Mav and September. 

Section on Rapro.ocy, Illinois State Medical Society 
Secretary, Dr. W. W. Furey, 6844 Oglesby Ave., Chicago. 

Section, Los Co. Men. Soc. 
Secretary, Dr. Wilbur Bailey, 2007 Wilshire Blvd., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at County Society Building. 

Rapro.ocicat Section, SourHERN Mepicau AssociaTION 
Secretury, Dr. Roy G. Giles, Temple, Texas. 

Brooktyn Roentcen Ray Society 
Secretary, Dr. E, Mendelson, 120 E. 19th St., Brooklyn, 
N. Y. Meets monthly on first Tuesday, October to April. 

Burrato Society 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. Meets second Monday of 
each month except during summer months, place of 
meeting selected by the host. 

Cuicaco Roentcen Society 
Secretary, Dr. C. J. Challenger, 3117 Logan Blvd. Meets 
second Thursday of each month October to May inclu- 
sive at the Hotel Sherman. 

Cincinnati Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincin- 
nati, Ohio. Meets third Tuesday of each month, Octo- 
ber to May, inclusive. 

CLeveLanp Society 
Secretary, Dr. H. A. Mahrer, 10515 Carnegie Ave. 
Meets at 6:30 p.m. at Mid-Day Club rooms on fourth 
Monday pode month, October to April, inclusive. 

Denver Rapro.ocicat CLus 
Secretary, Dr. E. A. Schmidt, 4200 E. gth Ave., Denver, 
Colo. Meets third Tuesday of each month. 

Derrorr Roentcen Ray anv Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from Gesiber to May, at 
Wayne County Medical Society Building. 

Fioripa State Rapioocica Society 
Secretary, Dr. J. N. Moore, 210 Professional Bldg., 
Ocala, Florida. Meetings in May and November. 

Georota Rapro.ocicat Society 
Secretary, Dr. R. C. Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Meets in November and at annual meet- 
ing of Medical Association of Georgia in the spring. 

RaproLocicat Society 
Secretary, Dr. E. P. Halley, Decatur and Macon County 
Hospital, Decatur, Ill. Shosdens held quarterly, time 
and place designated by president. 

Inpiana RoENTGEN SOCIETY 
Secretary, Dr. C. C. Taylor, 23 E. Ohio St., Indianapolis, 
Ind. Meeting held the second Sunday in May annually. 


Kentucky Society 
Secretary, Dr. J. C. Bell, 402 Heyburn Bldg., Louisville. 
Meets annually in Louisville on third Sunday afternoon 
in April. 

Lone Istanp Society 
Secret Dr. Marcus Wiener, 1430-48th St., Brook- 
lyn, N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 p.m. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. C. S. Davenport, St. Lawrence Hospital, 
Lansing. Three meetings a year, Fall, Winter, Spring. 

Mitwavkee Roentcen Ray Society 
Secretary, Dr. 1. I. Cowan, Mt. Sinai Hospital, Mil- 
waukee, Wis. Meets monthly on first Friday at Uni- 
versity Club. 

Minnesota Rapro.ocica Society 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 

NesrasKA RapIo.ocica Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets first Wednesday of each month, at 6 p.m., 
at either Omaha or Lincoln. 

New Encianp Roentcen Ray Society 
Secretary, Dr. A.O. Hampton, Massachusetts General 
Hospital, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

Rapro.ocicat Society or New JERSEY 
Secretary, Dr. W. J. Marquis, 198 Clinton Ave, Newark. 
Meetsannually at time and placeof State Medical Society. 
Mid-year meetings at place designated by president. 

New York RoentceEn Society 
Secretary, Dr. R. D. Duckworth, 170 Maple Ave., White 
Plains, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:00 p.m, 

Nortu Roentcen Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

Centrat New York Roentcen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syra- 
cuse. Three meetings a year—January, May, November. 

Paciric RoENTGEN CLuB 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of Cali- 
fornia Medical Association, 

PENNSYLVANIA RaDIoLocicaL Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport, 
Pa. Annual meeting, June 2 and 3, 1939. Bedford Springs 
Hotel, Bedford, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 P.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirtspurGH RoENTGEN SocieETY 
Secretary, Dr. H. W. Jacox, 4800 Friendship Ave., Meet- 
ings held second Wednesday each month, 4:30 P.M., 
October to June at various hospitals. 

Rocuester Roentocen Ray Society, Rocuester, N. Y. 
Secretary, Dr. S.C. Davidson, 277 Alexander St., Meets 
on second Thursday from October to May, inclusive, 8 
p.M., Rochester Academy of Medicine Building. 

Sr. Louis Society or Rapio.ocists 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of October, January, Marc 
and May, at a place designated by the president. 

San Francisco Rapro.ocicat Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco. Meets monthly on first Monday at 7:45 P.M., 
alternately at Toland Hall and Lane Hall. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Soutn Carouina X-Ray Society 
Secretary, Dr. Hillyer Rudisill, Jr., Roper Hospital, 
Charleston. Meets in Charleston on first Thursday in 
November, also at the time and place of South Carolina 
State Medical Association. 

Tennessee Rapio.ocicat Society 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg. 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas Rapro.ocicat Society 
Secret. Dr. H. C. Harrell, 517 Pine St., Texarkana, 
Texas. Next regular meeting in Temple, Texas, 1939. 

Universiry or Micuican DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

Universiry or Wisconsin CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

Vircinia Raprovocicat Society 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. Meets annually in October. 


CuBa 


Sociepap CuBANA DE RADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


Battisu Empire 


Baitisn Instrrute or Raprotocy INcoRPORATED WITH 
THE R6nTGEN Society 
Meets monthly on third Thursday, from November to 
June inclusive, at 8:15 P.m., 32 Welbeck St., London. 

Secrion or RaproLtocy or THE Royat Society or 
Mepicine (Conrinep To Mepicat MemBers) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine, 
1, Wimpole St., London, W. 1. 

Facutty or Rapio.ocists 
Secretary, Dr. Barbara M. Key, 32 Welbeck St., London, 
W.1, England. 

Section or anp Mepicat Execrriciry, Avs- 
TRALASIAN Mepicat Concress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RaApIoLocicaL SECTION OF THE VICTORIAN BRANCH OF THE 
British MepIcat AssociaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to Nov. incl. for scientific discussion. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. C. Singleton, Medical Arts Bldg., To- 
ronto, 5, Ontario. 

Section or Canapian AssociaTIoN 
Secretary, Dr. C. M. Jones, Inglis St., Ext., Halifax, N.S. 

Rapio.ocicat Section, New ZEALAND BritisH 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


ConTINENTAL Europe 


Be.oian Society or ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 

Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 

Socrepap Espanota pe Rapro.ocia y 
Secretary, Dr. J}. Martin-Crespo, Fuencarral, 7, Madrid, 
Spain. Meets monthly in Madrid. 

Société pe RapioLocie Mépicace pe France 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 

Société Suisse RaproLocie (ScHWEIZERISCHE R6nT- 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German | age, Dr. Scheurer, Molz- 
gasse, Biel. Meets annually in different cities. 
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Société Francaise et ve Rapio.- 
MEDICALE 
Meets monthly on fourth Tuesday, except during month 
of August and September, 12 Rue de Seine, Paris. 

AssociaTION OF GERMAN ROENTGENOLOGISTS AND Rapi- 
OLoGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11.52. 

DevutscHe (GesELLscHAFT Fir 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annuaily in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent Secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Siip- unp WEsTDEUTSCHE RONTGENSELLSCHAFT 
Meets annually in different cities. 

Norp- unp OstpEuTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutcn Society or ELecrrotocy anp RoENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the fall. 

Societa Itatiana RapioLocia Mepica 
Secretary, M. Ponzio, University of Turin, Prof. Turin 

SocreTaTEA Romana DE Rapto.ocie si ELecrro.ocie 
Secretary,.Dr. Oscar Meller, Str. Banul Maricine, 30, 
S. L., Bucuresti, Roumania. 

Meets second Monday in every month with the ex- 
ception of July and August. 

Aut-Russian Roentcen Ray Association, Lenincrap, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually, 

LenincrapD Roentcen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow Roentcen Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly on first Monday at 
8 o'clock. 

Po.tsu Society or RapIoLocy 
Secretary, Dr. Jan Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Society or RapioLocy 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 

SCANDINAVIAN ROENTGEN 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime: 

Society or Mepicat Rapio.ocy 1n SwEDEN 
Meets in Stockholm. 

Society or Mepicat Rapio_ocy 1n Norway 
Meets in Oslo. 

Society or Mepicat Rapio.ocy 1n DenmMaRK 
Secretary, Dr. G. Biering, Copenhagen, 

Meets the second Wednesday of each month from 
October to July in Copenhagen, at 8 o'clock in the 
State Institute of Roentgenology. 

Society or Mepicat 1n 
Meets in Helsingfors. 

Vienna RoENnTGEN Society 
Meets first Wednesday of each month, at 6:30 P.M. at 
Zentral-Réntgen Institut des allgemeinen Krankenhauses 
Alserstrasse 4. 


OriENT 
Japan X-Ray Association 
c/o Orthopedic Surgery, Tokyo Imperial University 
Meets annually in April. 
Kinx1 Society 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto 
Japan. Meets bi-monthly on third Sunday. 
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ACTIONS PERTAINING TO 
RADIOLOGY AT THE ST. 
LOUIS SESSION OF THE 

AMERICAN MEDICAL 
ASSOCIATION* 


Among the several official pronounce- 
ments pertaining to radiology which ema- 
nated from the annual meeting of the 
American Medical Association in St. Louis 
last June, the most important were those is- 
sued by the Reference Committee on Medi- 
cal Education and subsequently adopted 
by the House of Delegates. 

A revision of section seven of the “Es- 
sentials of a Registered Hospital” recom- 
mended by the Council on Medical Edu- 
cation and Hospitals, approved by the 
Reference Committee and adopted by the 
House of Delegates will have a far-reaching 
effect upon the practice of radiology in 
hospitals in the future. Though no drastic 
or sudden change in hospital-radiologist 
relationships is contemplated, new require- 
ments embodied in the “Essentials” will 
undoubtedly lead to a gradual solution of 
some current controversies. 

The revision is significant and definite. 
It followed a series of conferences between 
the Council and the Inter-Society Com- 
mittee during the past year. A thorough 
discussion of the present tendency for 
hospitals to secure a profit from the profes- 
sional practice of radiologists practicing 
within its purlieu convinced the members 
of the Council that a clearer definition of 
the proper relationship between radiolo- 
gists and hospitals was desirable. Accord- 
ingly, the Council agreed last February to 
recommend certain revisions in the “Es- 
sentials of a Registered Hospital.” 

Included in the complete report of the 
Council, which was adopted by the House 


of Delegates at the June meeting was the 
following: 


Essentials of a Registered Hospital 
General Statement.—Hospitals should be organized 
and conducted primarily for the purpose of providing 
facilities where the sick and the injured of the com- 
munity may be given scientific and ethical medical 
care, 


* Bulletin of the Inter-Society Committee for Radiology. 
t 7. 4m. M. Ass., May 27, 1939, 172, 2166. 
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Registration is a basic distinction between all 
recognized hospitals and those that are refused recog- 
nition. It is a prerequisite to the consideration of a 
hospital for approval for interns or for residencies in 
specialties. 

The registration of hospitals, the approval of hos- 
pitals for interns, approval for residencies in special- 
ties, and all other service of the Association regard- 
ing hospitals is carried on by the Council on Medical 
Education and Hospitals. Separate essentials have 
been adopted for each of these types of approval. 

It is the desire of the Council to cooperate in every 
way for the improvement of hospital service, where- 
by the sick and injured may be provided with scien- 


- tific and ethical medical care. 


The Council does not have nor does it assume 
legal authority over any hospital. It recognizes 
clearly that the officers in charge of such institutions 
have the unquestioned right to conduct the hospitals 
in any way they may deem wise. If a hospital desires 
to have its name appear on the American Medical 
Association Hospital Register and thus have the en- 
dorsement of that Association, it should be willing 
to comply with the principles which the Council on 
Medical Education and Hospitals considers neces- 
sary. 

V. Radiology.—1. The responsibility for all radi- 
ologic examinati6ns must rest on the physician-roent- 
genologist who is head of the department. His find- 
ings and conclusions for all examinations should be 
placed in the patient’s chart. Nothing in this provi- 
sion should preclude additional study and interpre- 
tations by qualified attending physicians on the staff. 

2. The physician-roentgenologist should be pref- 
erably one who is a diplomate of the American 
Board of Radiology or a physician whose qualifica- 
tions are acceptable to the Council on Medical Edu- 
cation and Hospitals of the American Medical 
Association. 

3. It shall not be the policy of the hospital to make 
a profit from the department of radiology. 


Equally important to the future of ra- 
diology was the action of the Council on 
Medical Education and Hospitals in ap- 
proving the “Manual of Desirable Stand- 
ards for Hospital Radiological Depart- 
ments” which was submitted in tentative 
form by the Inter-Society Committee and 
a committee of the American College of 
Radiology. These two groups had previ- 
ously collaborated in preparing a manual 
of “desirable standards” with the hope of 
securing the Council’s approval. First dis- 
cussed with the Council during the College 
Conference last February, the proposed 
Manual was revised to conform with sug- 
gestions offered at that meeting. The final 
draft was resubmitted in St. Louis where 
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the Council adopted a motion expressing 
its accord with the principles contained 
therein. 

When final authority is received from the 
American College of Radiology the Manual 
will be printed and distributed to all mem- 
bers of national radiological societies and 
will be available upon request to radiolo- 
gists, hospital administrators, and others. 
Members of the College committee re- 
sponsible for this important project are 
Doctors L. H. Garland, V. W. Archer, and 
R. A. Arens. 

Only one resolution was introduced by 
the Section on Radiology and its purpose 
was to express the gratitude of the Section 
to the American Medical Association head- 
quarters staff for support and assistance 
rendered to representatives of organized 
radiology. The resolution was adopted by 
the House of Delegates as follows:* 


Resolutions Expressing Appreciation of 
Staff at Headquarters 
Dr. E. H. Skinner, Section on Radiology, 


presented the following resolutions, which were 
referred to the Reference Committee on Medi- 
cal Education: 


Wuereas, The Medical profession of America has 
been confronted with vital issues affecting the welfare 
of all citizens and the free integrity of medicine and 
calling for courageous leadership and positive action 
by the organized profession; and 


Wuereas, This action and leadership has been 
maintained through a loyal and competent head- 
quarters staff; and 


Wuereas, The Council on Medical Education and 
Hospitals, the Bureau of Medical Economics and 
other departments in the headquarters office have 
helped materially in the efforts of radiologists to 
maintain and raise the standards of radiologic prac- 
tice, through which efforts definite progress in the 
gradual solution of some of our vexing problems has 
been achieved, thereby protecting medicine against 
insidious harm to one of its parts; therefore be it 

Resolved, That the Section on Radiology expresses 
its appreciation and commendation of the members 
of the headquarters staff for their cordial assistance 
to the Inter-Society Committee for Radiology, as 
representative of all radiologists, and to this section 
in upholding and applying accepted principles to as- 
sure the continued advancement of radiologic prac- 
tice and the protection of the science against adverse 
influences; and be it further 


* J. Am. M. Ass., May 27, 1939, 772, 2169. 


Resolved, That a copy of these resolutions be spread 
on the minutes of this session of the House of Dele- 
gates. 


Particular attention was given by ra- 
diologists to a resolution introduced by the 
Illinois delegation which found fault with 
the action of the Judicial Council last year 
when it declared that the rental of radium 
should be regulated by certain restrictions. 
This action of the Judicial Council} was as 
follows: 


A widespread practice of renting radium for the 
treatment of patients by physicians not owning, or 
being experienced in the use of, radium has caused 
considerable discussion during the past year. Ordi- 
narily instructions in the technic of the use of radium 
are sent by the person furnishing it. Sometimes the 
radium is furnished by a commercial concern, some- 
times by a physician owning it. The advisability of 
the use of such a powerful agency by those not 
trained in its use and the ethics involved in prescrib- 
ing and directing its use by a person who has not ex- 
amined or seen the person on whom it is to be used, 
has come before the Council. As a result of a rather 
extensive correspondence, both from those favoring 
its use as described and those opposed, the Judicial 
Council is of the opinion that the prescribing and 
directing of its use in the case of a patient whom the 
prescriber has not examined or seen is an unethical 
procedure. The Council recognizes that advice and 
help in difficult cases is often furnished by those in a 
position to be of possible, or probable assistance, but 
it believes that the great dangers accompanying the 
use of radium remove that particular remedy from 
the field of advice without personal contact with the 
patient. 


The resolution was presented through 
the Illinois delegation and originated from 
the Adams County Medical Society of 
Illinois in which the city of Quincy is 
located. Its adoption was urged before the 
reference committee by several physicians 
from Illinois, Wisconsin, and Indiana. It 
was opposed by many physicians and ra- 
diologists from coast to coast and the 
action of the Judicial Council was defended 
by the Chairman, Dr. George E. Follans- 
bee. The resolution was as follows: 


Resolution on Prescribing of Radium 


Dr. E. S. Hamilton, Illinois, presented the 
following resolution, which was referred to the 


t J. Am. M. Ass., 1938, 770, 1489. 
t 7. Am. M. Ass., May 27, 1939, 1/2, 2176. 
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Reference Committee on Amendments to the 
Constitution and By-Laws and to the Judicial 
Council: 


The report of the Special Committee appointed by 
the President of the Adams County Medical Society 
(Ill.) to study the present ruling of the American 
Medical Association relative to the rental of radium 
is as follows: 


Wuereas, At the San Francisco session last year 
the House of Delegates of the American Medical 
Association passed certain resolutions condemning 
the rental of radium under certain conditions, name- 
ly, the prescribing and directing of the use of radium 
in the case of a patient whom the prescriber has not 
examined or seen; and 


Wuereas, In consideration of the fact that such a 
rigid ruling would work a great hardship on thou- 
sands of members of the American Medical Associa- 
tion and cause great suffering to thousands of citizens 
of the United States, especially those who are re- 
motely situated from sources of radium; that many 
patients would be denied the use of radium if they 
were compelled to make long trips to a source of 
radium; that many patients have such great confi- 
dence in their physicians that they distinctly prefer 
that he personally administer such radium treat- 
ment; that since the pioneers in radium therapy and 
probably the greatest advocates of radium were not 
radiologists but leading gynecologists and dermatol- 
ogists; that since many specialists are well qualified 
to make many of the applications of radium, because 
of their specialized knowledge and surgical technic, 
as is the average radiologist; that since an experience 
of over twenty-five years, during which time many 
thousands of patients have been treated, has shown 
that many conditions in which radium is commonly 
used can be satisfactorily treated and with great 
benefit to the patient by the average physician under 
proper supervision and without a radiologist per- 
sonally examining the patient on whom the radium 
is to be used; that because of the great expense of 
radium it is not practical for the average physician 
to own it; that the average physician sees so few 
cases in which radium is needed in his practice that 
it is not practical for him to make the large financial 
outlay to purchase it, and that since it is already con- 
sidered an ethical procedure for physicians to lease 
radium for long periods or to own it outright, regard- 
less of their qualifications to use it; therefore be it 

Resolved, That it is considered ethical for a mem- 
ber of the American Medical Association personally 
to describe or write a description of a patient on 
whom he wishes to consider the use of radium and 
submit it to an experienced radiologist who likewise 
is a member of the American Medical Association; 
that if the condition is one in which radium is fre- 
quently used and if the radiologist believes the 
physician submitting the description can use radium 
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with benefit to the patient, he may, therefore, pre- 
pare suitable radium applicators, recommend a tech- 
nic of application and suggest dosage for the treat- 
ment of the case under consideration. 

A motion to adopt this resolution with the recom- 
mendation that a copy be sent to the Secretary of 
the Illinois State Medical Society, and that the dele- 
gate of the Adams County Medical Society be in- 
structed to present it to the House of Delegates of 
the Illinois State Medical Society at its next annual 
session (Rockford) for their approval and with the 
request that the delegates of the Illinois State Medi- 
cal Society be requested to present it to the House 
of Delegates of the American Medical Association at 
its St. Louis meeting was adopted without dissenting 
vote. 

The Committee on Resolutions recommended the 
approval of the resolution presented by the Adams 
County Medical Society and the concurrence in its 
recommendations. 

Adopted by House of Delegates May 4, 1939, Illi- 
nois State Medical Society. 


The action of the Reference Committee 
was as follows:* 


Report of Reference Committee on 
Amendments to Constitution 
and By-Laws 


Dr. Charles E. Mongan, Chairman, present- 
ed the following report: 


Resolution on Prescribing of Radium: After care- 
ful consideration of the subject matter of the resolu- 
tion and the action of the House of Delegates of the 
Americal Medical Association in 1938 at which the 
recommendation of the Judicial Council was ap- 
proved, your reference committee believes that a 
careful reading of the report of the Judicial Council, 
which was to the effect that a physician prescribing 
for a patient without examining the said patient is 
performing an unethical act, will show that there was 
nothing expressed in the opinion of the Judicial Coun- 
cil regarding the owning or leasing of radium other 
than the relationship of the lessor to the user of the 
radium. 

Your reference committee would invite the careful 
attention of each member of the House of Delegates 
to the exact wording of the resolution adopted by the 
House of Delegates in the 1938 session. 

Your reference committee reiterates the language 
of the report of the Reference Committee on Amend- 
ments to the Constitution and By-Laws in 1938, 
which read as follows: “After due consideration of 
the matter, your committee feels that the phrase- 
ology should remain. Any exceptions to the general 
principle involved would defeat its purpose.” 


* J. Am. M. Ass., June 3, 1939, 772, 2294. 
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Your reference committee recommends, therefore, 
that the resolution presented by the Illinois State 
Medical Society be not adopted. 

Respectfully submitted. 

Charles E. Mongan, Chairman 
Edgar A. Hines 

T. K. Gruber 

Felix P. Miller 

E. G. Wood 


The House of Delegates ratified this 
report. 

There is an apparent failure on the part 
of many physicians to understand the 
simple implications of this action by the 
Judicial Council. In a previous issue of 
the Bulletin there is a complete exposition 
of the import and practical application of 
the resolution.* Briefly, it declares un- 
ethical the prescribing of radium by any 
physician who has not examined the case. 
It does not preclude the rental of a definite 
amount of radium in a particular applica- 
tor which has been ordered by the physi- 
cian who has examined the given case and 
knows what he wants. 

An interesting resolution was introduced 
by the Section on Pathology which indi- 
cates that other than radiologists are now 
concerned with the relationship of hospi- 
tals and physicians. Possibly the pathoio- 
gists have taken some courage from the 
successful issue of the seven year progres- 
sion of radiologic ambitions. It is apparent 
that other than the specialties so inti- 
mately identified with hospital practice are 
now aware of the implications when hospi- 
tal administration attempts to provide 
medical services by contract. The resolu- 
tion of the pathologists was as follows: 


Resolution Limiting Directorship of 
Approved Clinical Laboratory to 
Licensed Physician 


Dr. Frederic E. Sondern, New York, pre- 
sented the following resolution, which was re- 
ferred to the Reference Committee on Medical 
Education: 


Wuereas, Years ago the examinations made by 
clinical laboratories were largely factual in nature 
and as a consequence, a portion of the work was 
done by chemists and technicians not having medical 
degrees or being licensed to practice medicine; 


* Am. J. Roentoenor. & Rap. THerapy, 1938, £0, 303-305. 


Wuereas, Particularly in the last one or two dec- 
ades, the developments in laboratory medicine have 
been such as to require clinical medical knowledge 
for the safe performance of many of the newer diag- 
nostic procedures undertaken; and 


Wuereas, Specimens are obtained by surgical 
means from the spinal canal, veins and organs of the 
body, and drugs and dyes are injected for the pur- 
pose of various functional tests, all definitely requir- 
ing clinical medical experience and judgment for 
their performance and interpretation if the safety of 
the patient is to be guarded; therefore be it 

Resolved, That only a licensed physician duly qual- 
ified as a clinical pathologist may serve as the direc- 
tor of an approved clinical laboratory, as such prac- 
tice is a specialty of medicine. 


The action upon this by the Reference 
Committee which was sustained by a vote 
of the House of Delegates, was as follows: 


Report of Reference Committee on 
Medical Education 


Dr. Harvey B. Stone, Chairman, presented 
the following resolution as a substitute for the 
Resolution Limiting Directorship of Approved 
Clinical Laboratory to Licensed Physician, 
which was adopted on motion of Dr. Stone, 
duly seconded and carried: 


Wuereas, Years ago the examinations made by 
clinical laboratories were largely factual in nature 
and, as a consequence, a portion of the work was 
done by chemists and technicians not having medical 
degrees or being licensed to practice medicine; and 


Wuereas, The developments in laboratory medi- 
cine, particularly in the last one or two decades, have 
been such as to require clinical medical knowledge 
for the safe performance of many of the newer diag- 
nostic procedures undertaken; and 


Wuenreas, Specimens are obtained by surgical 
means from the spinal canal, veins, and organs of the 
body and dyes and other drugs are injected for the 
purpose of various functional tests, all definitely re- 
quiring clinical medical experience and judgment for 
their performance and interpretation if the safety of 
the patient is to be guarded; therefore, be it 

Resolved, That the American Medical Association 
specifically recognizes the practice of clinical pathol- 
ogy as a specialty of medicine and believes that those 
persons who practice it and who act as directors of 
clinical laboratories must be graduates of recognized 
medical schools and licensed to practice medicine in 
their respective states; and further be it 

Resolved, That owing to the nature of the subject, 
the American Medical Association recognizes that 
it is necessary for these persons to complete at least 
three years of adequate training in clinical patho! 
ogy, in addition to the training which they have re 
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ceived in regular courses in medical schools, before 
assuming the directorship of clinical laboratories. 
E. H. Skinner 


SPECIAL POSTGRADUATE COURSES 
FOR RADIOLOGISTS 


The University of Minnesota is offering 
a series of special three-day postgraduate 
courses for radiologists. They will be given 
at the Center for Continuation Study, the 
exclusive residence and class room building 
for postgraduate students on the main 
campus, Minneapolis. The special series 
for radiologists is part of the general post- 
graduate program. Since January I, 1937, 
more than 1,200 registrants have attended 
the 38 medical and hospital postgraduate 
courses which have been given by the 
department of postgraduate medical edu- 
cation under the direction of Dr. William 
A. O’Brien. For the past year, the program 
has been assisted by a special grant from 
the Commonwealth Fund, New York. 
With this new development, the Univer- 
sity of Minnesota now has three divisions 
in the Medical School—undergraduate, 
graduate, and postgraduate. 

The first course in the special series for 
radiologists was in Radiation Physics on 
June 12, 13, and 14, 1939. Radiologists 
from Florida, Illinois, Indiana, Iowa, Min- 
nesota, Montana, North Dakota, South 
Dakota, and Wisconsin were in attend- 
ance. The program was arranged and 
directed by K. W. Stenstrom, Professor 
of Biophysics and Director of the Division 
of Radiation Therapy, University of Min- 
nesota. In addition to Dr. Stenstrom, the 
faculty included Lauriston S. Taylor, 
Physicist, National Bureau of Standards, 
United States Department of Commerce, 
Washington, D.C.; Ernst A. Pohle, Pro- 
fessor of Radiology, University of Wiscon- 
sin; Otto Glasser, Biophysicist, Cleveland 
Clinic; Arthur U. Desjardins, Professor of 
Radiology, Mayo Foundation; Marvin M. 
D. Williams, Instructor in Biophysics, 
Mayo Foundation; J. William Buchta, 
Professor and Chairman of Physics De- 
partment; Leo G. Rigler, Professor and 
Head of Radiology; Edward Schons, Spe- 
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cial Lecturer, General Extension Division; 
John T. Tate, Professor of Physics; Joseph 
Valasek, Associate Professor of Physics; 
Irwin Vignes, Instructor in Biophysics; 
John H. Williams, Associate Professor of 
Physics—all of the University of Minnesota. 

The subjects were presented in the form 
of lectures, demonstrations, and question 
and answer periods. They included History 
of Roentgen, Atomic Structure, Artificial 
Radioactivity, Roentgenologic Diagnosis, 
Quality and Quantity of Roentgen Rays, 
Diffraction, Refraction, Reflection and 
Spectroscopy, Absorption of Roentgen 
Rays, Van de Graaff Apparatus, Biological 
Factors, Radiation Biology, Radiologic 
Protection, Dosage Measurements, Radia- 
tion Therapy, and Demonstration of 1200 
Kilovolt Treatment Apparatus. 

The next course in the special series for 
radiologists will deal with Roentgenologic 
Diagnosis of Diseases of the Nervous Sys- 
tem. The date will be announced in the 
near future. It will occupy the full time of 
those in attendance from 8:30 A.M. to 
8:30 P.M. on each of the three days. A 
concentrated schedule is made possible by 
holding the course in the same building 
in which the physicians will live. The entire 
building will be reserved for the group. The 
tuition for each three-day special radiologic 
course will be $15.00. An average single 
room and all meals is $8.25 for the three 
days. Use of the garage is $.50 a day, and 
there are no other extras. The faculty 
will include members of the faculty of the 
undergraduate and graduate schools, Mayo 
Foundation, and distinguished radiologists 
from other medical centers. Enrolment in 
each course will be limited to the number 
who can best profit by the instruction. 
Only radiologists will be admitted. Further 
information may be obtained from Dr. 
William A. O’Brien, Director, Department 
of Postgraduate Medical Education, Uni- 
versity of Minnesota, Minneapolis, Min- 
nesota. 


RESOLUTIONS 


At the Third Executive Session of the 
American Radium Society held in St. 
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Louis on May 16, 1939, the following 
resolutions were presented by Dr. Fred J. 
Taussig and adopted by the Society: 


The American Radium Society feels that in 
the death of Henry Schmitz it has lost one of 
the leaders in the field of cancer therapy and 
one of those most deeply interested in the pur- 
poses for which this Society was organized. It 
would be hard to find among its membership 
anyone who took a more active part in its sci- 
entific sessions or its administration. He held 
the post of presiding officer in 1920 and was one 
of three surviving charter members. 

At the time of his death from lobar pneumo- 
nia on April 17, 1939, although he had attained 
the age of sixty-seven years, he was still in 
every way at the height of his scientific produc- 
tivity. He was to have presented a paper at the 
program of our Society this year. Certainly it 
must be said that he died at a time when he was 
still in the prime of his intellectual activity. 

Born in Kaiserswert, Germany, in 1871, he 
came to America as a young man of twenty- 
two and took his medical degree at Loyola Uni- 
versity School of Medicine, a school that twen- 
ty-five years later gave him an honorary LL.D. 
His early work was in the specialty of gynecol- 
ogy, to which he added many valuable scien- 
tific contributions and textbooks. It was in the 
field of radiology, however, to which he devoted 
the last two decades of his life, that his work 
was pre-eminent. 

In 1930 he received the gold medal of the 
Radiological Society of North America for 
achievement in the science of radiology in its 
application to gynecology. His chapter on Ra- 
diology, written for Davis’s “Gynecology and 
Obstetrics” in 1934 is probably the clearest and 
most comprehensive review of this subject to be 
found in American literature. 

At the annual meeting of the American Ra- 
dium Society held in 1938, just one year ago, 
he delivered the Janeway Lecture and was pre- 
sented with the Janeway Medal. We are indeed 
happy that we were able in this way to express 
our appreciation for his splendid work before he 
was taken from our number. 

His pioneer work with the supervoltage ma- 
chine added greatly to our knowledge of what 
could be accomplished by the use of more pow- 
erful roentgen therapy. 

Henry Schmitz’s hobbies were collecting 
books and outdoor exercise in the form of fish- 
ing and horseback riding. He won many- 


friends by his genial personality and all of us 
appreciated the forthrightness of his criticism 
in scientific discussions. 

Even at sixty-seven years, we feel that he has 
been taken far too soon from our midst, and we 
will deeply miss his presence at our scientific 
sessions. 

Be it 

Resolved, That the American Radium Society 
have this statement spread upon the Minutes 
and that a copy be sent to the members of Dr. 
Schmitz’s family. 


SOLOMON MEMORIAL LIBRARY 


To honor and perpetuate the memory 
of Dr. Iser Solomon, the eminent French 
radiologist who has recently died, Mme. 
Solomon has donated his radiological li- 
brary to the Faculty of Medicine of Paris. 
It will be known as the Solomon Memorial 
Library of Radiology. In order to make 
this library complete she asks that the 
American radiologists, whom Dr. Solomon 
held in great respect and esteem, contribute 
their publications which have appeared in 
the last few years and which because of 
his illness he was not able to acquire. It is 
suggested that these contributions bear the 
author’s dedicatory inscription. The con- 
tributions are to be addressed to Mme. 
Iser Solomon, 27 Avenue Trudaine, Paris, 
France. 

Dr. Solomon was a simple man of great 
heart beloved by all who knew him, an 
indefatigable worker who in a life con- 
secrated to scientific research enriched ra- 
diological literature by many valuable con- 
tributions. It is therefore hoped that the 
response to Mme. Solomon’s request will 
be such that the contributions by American 
radiologists will occupy a prominent place 
in this Memorial Library. 


Dr. Lawrence Reynolds of Detroit has 
been appointed the official Delegate of the 
American Roentgen Ray Society and Dr. 
Merrill C. Sosman of Boston, Alternate, 
to the Sixth International Congress of 
Radiology in 1940. 

B. PEIRCE 
Secretary 
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Department Editor: Ropert B. Tart, M.D., B.S., M.A., 105 Rutledge Ave., 
Charleston, S. C. 


APPARATUS FOR PNEUMO-ENCEPHALOGRAPHY 


By JOSEPH C. BELL, M.D. 


LOUISVILLE, KENTUCKY 


OR several years our encephalograms 

were done with the patients sitting in 
an ordinary chair facing the back. We 
used this method for we wished to work 
with the patient upright and found that 
an ordinary chair was more satisfactory 
than any other method available to us 
at the time. I then designed the chair 
illustrated in Figure 1, keeping uppermost 
in mind the problems encountered in en- 
cephalography and the requirements to be 
satisfied if the apparatus were to prove of 
maximum value. 

A primary consideration was that the 
apparatus be readily mobile and for this 
reason large casters 6 inches in diameter 
were used. Two of these have brakes which 
provide for immobilization when the in- 
jection is being done. 

The second requirement was that the 
apparatus be rigid and this was secured 
by constructing the base and the seat 
supports out of 3 inch angle iron. The 
casters were attached to a large base in 
order to insure stability with the patient 
in various positions. The base is illus- 
trated in the portion of the apparatus 
numbered g and the casters in the portion 
numbered zo. The height of the seat from 
the floor is 214 inches. The height selected 
is the same as that of the roentgenographic 
table in our department and thus assures 
easy transfer of the patient from the chair 
to the table. The seat is constructed of a 
rubberized hair mattress covered with im- 
itation leather. 

The next essential was that the appara- 
tus be readily adjustable to patients of 
various sizes. This was accomplished by 


3° 


mounting the arm support marked ¢ on 
the movable shaft marked 7, thus provid- 
ing for movement upward or downward 
any desired distance. 

It is necessary that the lumbar spine be 
flexed in order that a needle may be in- 
serted readily into the lumbo-subarachnoid 
space. Provision for this was made with 
the padded abdominal support marked 5 
which is mounted on a shaft, the latter 
being attached to the support of the arm 
rest. The abdominal support may be moved 
upward or downward and thrust inward 
any desired distance in order to obtain the 
required posterior curvature of the lumbar 
spine. 

We then added the foot rest labeled 8 
and it, too, may be adjusted upward or 
downward any desired degree. 

It was necessary to provide for a head 
support, one that would not interfere when 
making films in anteroposterior, postero- 
anterior or lateral position. This was ac- 
complished by the small saucer-like chin 
support labeled 7 to which is attached the 
flexible woven band marked 77. The band 
may be passed over the patient’s head and 
buckled on the opposite side thus immo- 
bilizing the head very satisfactorily. The 
chin support may be tilted forward or 
backward as desired by loosening the small 
screw immediately below the support, or 
may be moved forward or backward by 
loosening the small screw in the fitting 
labeled 2. The support may be raised or 
lowered for it is mounted on the movable 
shaft labeled ?. 

This apparatus has proved to be most 
adaptable for it has been used in the 


/ 


4 


308 Joseph C! Bell 


AucusT, 1939 


Fic. 1a. Drawing of chair described showing construction details. 7, cup-like chin support used, with the 
attached woven fixation band; 2, fitting that permits anterior or posterior movement of the chin support; 
3, rod that supports the chin rest. It may be moved upward or downward in order to accommodate the 
various sized patients and to secure the desired position of the head; 4, the arm rest used; 5, type of 
abdominal support employed. It is approximately 8 in. in length, 2 in. in width and is padded and covered 
with imitation leather; 6, fitting that permits upward or downward as well as inward or outward move 
ment of the abdominal support; 7, adjustable standard that permits the arm rest and head support to be 
moved upward or downward as desired. The clamps holding it are so arranged that this portion of th« 
apparatus may be removed with no difficulty if desired when changing the patient from the chair to th« 
roentgenographic table; 8, adjustable foot support; 9, base of the apparatus; 70, casters together wit! 
brakes on two of them; 77, head fixation band; 72, type of seat support employed. 
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examination of children as young as three 
years as well as in adults of all ages and 
heights and has worked equally weil in all 
instances. When necessary, anesthetics have 
been given without interference from the 
head support. In our institution most of 
the injections are done in the roentgeno- 
graphic room, but when necessary they 
can be done in any room in the department 


Fic. 14. Photograph of the chair described giving a 
better idea of the proportions of the apparatus 
than does the drawing. 


or adjacent to it for the apparatus can be 
moved from room to room with no diffi- 
culty. 

Others have shown the desirability of 
making films with the patient both upright 
and horizontal. For this reason we at- 
tempted to provide an apparatus which 
would make possible satisfactory roent- 
genography in anteroposterior, posteroan- 
terior and either lateral position with the 
patient upright. We already had the Gen- 
eral Electric Bedside Unit shown in Figure 
3. In order to make single films it was only 
necessary to arrange the casette holder 
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Fic. 2. Photograph showing an examination 
in progress. 


shown in Figures 3, 4, and 5 to which was 
attached the two supporting arms shown. 
These in turn were so made that they could 
readily be attached to the arm on the 
bedside unit that supports the roentgen 
tube and its housing. This arrangement 
was found to be most satisfactory for mak- 
ing single films in the positions above noted 
and likewise in making single films in the 
lateral position with the patient either 
prone or supine. 

In the casette holder provision was made 


for a stationary grid but this has never 


been used due to the fact that the detail 
secured was excellent and because of the 
fact that the use of the grid would of 
necessity have increased the time of ex- 
posure and likewise the probability of 


Fic. 3. Photograph illustrating the position of the 
roentgenographic apparatus and its relation to the 
patient when a single lateral film is being made. 
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Fic. 4. Position of patient and apparatus when film 
of the type illustrated in Figure 10 is being made. 


motion on the part of the patient. The 
distance between the tube and the casette 
in this apparatus is 34 inches. The exposure 
time required for a film in the lateral 
position is one and a half seconds and for 
a film in the anteroposterior or postero- 
anterior position two and a half seconds 
using 10 ma. and the highest voltage of 
which this machine is capable, probably 
about 75 kv. (peak). 

In many cases the information desired 
may be obtained as soon as the air enters 
the ventricles which frequently takes place 
after a very few centimeters have been 
injected. It is desirable to inject only the 


Fic. Ilustratpon showing arrangement of machine 
and casette holder when stereoscopic films are to 
be made. The rod that insures accurate centering 
is shown just below the arms that support the 
casette holder. 


necessary amount of air for the postopera- 
tive convalescence seems to be consider- 
ably shorter in those individuals where a 
small amount has been used. When making 
films to ascertain the progress of the ex- 
amination we usually double or triple the 
normal exposure, develop the films from 
one to two minutes, wash them rapidly, 
place them in the fixing solution and then 
look at them almost immediately. In this 


Fic. 6. A film made in the anteroposterior 
position with the patient upright. 


manner one can determine with little delay 
the progress of the examination, although 
such films may not be satisfactory for a 
permanent record. Others are always made 
in the proper manner as soon as the desired 
amount of air has been injected. 

It became evident that it would be de- 
sirable to make stereoscopic films when 
indicated. This seemed to offer many ob- 
stacles for it was difficult to find a way to 
shift the tube without changing the posi- 
tion of the casette in relation to the pa- 
tient’s head. This was finally accomplished 
as is indicated in Figure 5. A small track- 
like fitting was attached to the arm that 
supports the tube immediately above the 
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tube as shown in Figure 2. The casette 
holder and supporting arm could then 
readily be attached to this track-like sup- 
port. In our work we use the small cone 
shown in the illustrations in order to secure 
the best possible detail. The field of ex- 
posure barely covers an 8” X10” film in its 
shortest diameter, and it became necessary 


Fic. 7. A lateral film made with the patient upright 
illustrating the detail that may be obtained and 
showing particularly well the lateral ventricle, the 
third ventricle and the basal cisterns. 


to provide an arrangement which would 
keep the tube centered on the center of 
the casette when it was shifted from side 
to side. This was made possible by the use 
of the small metal rod seen just below the 
arms that support the casette holder. It 
attaches to the roentgen tube housing by 
means of a small metal plate that may be 
inserted into the grooves above the cone. 
There is a slot in the outer end of this 
rod that may be dropped over a pin that 
is placed in the exact center of the upper 
margin of the casette holder. This arrange- 
ment has resulted in accurate centering of 
the field of exposure and may be used with 


Fic. 8. Film made in the lateral position similar to 
the one shown in Figure 7. 


the patient either upright or horizontal. 
We have made excellent stereoscopic films 


— 


Fic. 9. A lateral film made with the patient upright 
showing well the fluid spaces near the vertex of 


the skull. 
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Fic. 10. A lateral film made with the patient hori- 
zontal in the position shown in Figure 4. This is 
useful in visualizing the anterior horns of the 
lateral ventricle and usually shows the anterior 
part of the third ventricle as well. 


Fic. 11. A film made in a manner similar to that 
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by this method not only in encephalog- 
raphy but at any other time when lateral 
stereoscopic views were desired and where 
the field of exposure was adequate. Some 
idea of its adaptability may be gained from 
Figure 12. This is an illustration of one of 
a pair of stereoscopic views of the cervical 
spine made in the case of a young man who 
had suffered a partial anterior dislocation 
of the body of the fifth cervical vertebra 
in relation to the sixth. He was in bed in 
traction with tongs in the outer table of 


Fic. 12. One of a pair of stereoscopic films of the 
cervical spine in the case of the patient mentioned 
in the text. It shows very well a partial dislocation 
of the fifth cervical vertebra in relation to the 
sixth. 


the skull and could not be moved. The 
films were made with the casette holder 
lateral to the patient’s shoulder and no 
grid was used. We have also used this 
apparatus for making lateral views of 
fractured femora, etc. 

In addition to the films made as above 
described, we also make stereoscopic films 


shown in Figure 4 except that the patient is prone 
instead of supine. It is of value in visualizing th« 
posterior parts of the lateral ventricles and at 
times shows the posterior part of the third ven 
tricle, the aqueduct and fourth ventricle ver) 
satisfactorily. 
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in posteroanterior and anteroposterior po- 
sitions on the horizontal table in the usual 
manner and at times they are supple- 
mented by films made in the lateral posi- 
tions with the patient prone. In order to 
shift the patient from the chair to the 
horizontal roentgenographic table it is only 
necessary to wheel the chair to the side 
of the table, slide the patient backwards 
on to the table and place him prone or 
supine as desired. 


COMMENT 


Apparatus has been described that in 
our hands has proved most satisfactory in 
pneumo-encephalography. It has been used 
for the past five years during which time 
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several hundred encephalograms have been 
done. The only changes made during this 
period were minor ones in the head and 
abdominal supports. The apparatus has 
seemed to satisfy all of the requirements 
both from the neurological and roentgeno- 
logical standpoints. Several of these chairs 
are in use in other institutions aside from 
the one with which I am connected and are 
said to be entirely satisfactory. This chair 
is readily adaptable to roentgenographic 
equipment of types other than that above 
described. 


The apparatus was constructed by Mr. J. W. 
Fowler, of the technical staff of the Norton Memorial 
Infirmary, and to him is due much credit for working 
out many of the mechanical details incorporated. 
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ROENTGEN DIAGNOSIS 
ABDOMEN 


Watters, Wattman; McGowan, Joun M., 
Butscu, Winrietp L., and Knepper, 
A. The pathologic physiology of the common 
bile duct. 7. dm. M. Ass., Nov. 13, 1937, 
709, 1§91-1597. 

In the past three years the authors have been 
able to visualize the common and _ hepatic 
ducts under the fluoroscope and by roentgeno- 
graphic studies after injection into the common 
duct through a T-tube of nonirritating sub- 
stances which are opaque to roentgen rays. The 


choledochograms will reveal the presence of 


(1) any narrowing of the common bile duct and 
persisting pancreatitis, with an abnormally 
patent duct of Wirsung, (2) an overlooked 
stone in the common bile duct, (3) spasm or 
stenosis of the sphincter of Oddi, and (4) carci- 


noma of the ampulla of Vater or of the head of 


the pancreas. 


Method of Study. Patients who had had a 
T-tube inserted into the common bile duct for 
prolonged biliary drainage were studied. The 
apparatus used consists of a water manometer 
which is connected to the T-tube at the level 
of the subject’s abdominal wall. A bottle, which 
is fastened high enough to act as a reservoir, is 
connected with the system in order to fill it 
with sterile physiologic solution of sodium 
chloride and to provide a source of supply when 
it is desired to perfuse the common bile duct 
with a quantity of this solution. Two readings 
were obtained: (1) that for the intrabiliary 
pressure, which is obtained by observing the 
height at which fluid will stand in the manom- 
eter, and (2) that for the perfusion pressure, 
which is obtained by observing the height at 
which the fluid must be raised in the manom- 
eter in order that the resistance of the sphinc- 
ter at the lower end of the common bile duct 
may be overcome and the fluid may flow into 
the duodenum. For the purpose of obtaining 
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permanent records a U-shaped manometer that 
contained a float and writing point which was 
in contact with a smoked drum was substituted 
for the water manometer. Roentgenograms of 
the common bile duct, which are made after 
the injection of an opaque oil (brominol), afford 
a further method of studying the mode of ac- 
tion of the drugs used. 

Subcutaneous injection of one-sixth grain 
(0.01 gm.) of morphine sulfate caused an in- 
crease in the intrabiliary pressure from the 
normal of o to 20 mm. of water to from 200 to 
300 mm. of water. Concomitant with this, the 
patient may experience an attack of biliary 
colic. The pain has been found to follow the 
administration of morphine only in cases in 
which relief is sought because of the “‘post- 
cholecystectomy syndrome.” 

The effect of morphine on the common bile 
duct is prolonged. The pressure in the common 
bile duct may remain elevated two hours or 
more after the administration of this drug. 

Derivatives of opium cause an elevation of 
the intrabiliary pressure and delay in the 
emptying of the common bile duct by sharp 
constriction of the lower end of the common bile 
duct effectually preventing the emptying of the 
duct. 

Inhalation of amyl nitrite produced an im- 
mediate and dramatic decrease of the elevated 
intrabiliary pressure to zero, simultaneously 
with a prompt relief of the pain or of the feel- 
ing of fullness which accompanied the elevated 
pressure. 

Glyceryl trinitrate in doses of one one- 
hundredth grain (0.0006 gm.) produced a de- 
crease in the elevated pressure, which was less 
marked but more lasting. 

Intravenous administration of 4 grains of 
theophylline with ethylenediamine produced a 
relaxation of the sphincteric mechanism simi- 
lar to that produced by inhalations of amyl 
nitrite. 

Other drugs including atropine, scopolamine 
hydrobromide, alcohol, histamine, ephedrine, 
epinephrine, calcium chloride, papaverine hy- 
drochloride, physostigmine, acetylcholine, ergo- 
tamine tartrate, caffeine, and phenobarbital 
sodium, which generally are believed to have 
an antispasmodic action, were tested for the 
effect on the sphincteric spasm caused by in- 
jection of morphine. In not one instance was 
the sphincteric spasm relieved. 

[f barium sulfate is injected into the duo- 
denum through an open tube and brominal is 


Abstracts of Roentgen and Radium Literature 


315 


injected simultaneously into the common bile 
duct through a T-tube, following the injection 
or morphine, contracture of the duodenum can 
be noted by roentgenograms to occur simul- 
taneously with spasm of the lower end of the 
common duct, with a descent of 2 cm. in the 
position of the area of spasm of the common 
duct. 

Patients who have disease of the gallbladder 
frequently say that morphine gives them a 
feeling of fullness or makes them sick. The 
explanation probably is that a normally func- 
tioning gallbladder can maintain intrabiliary 
pressure at a normal level by absorption of 
fluids and relaxation of its smooth muscle, 
whereas a diseased gallbladder does not possess 
this function. Administration of glyceryl trini- 
trate in doses of one one-hundredth grain 
(0.0006 gm.) will relieve the pain associated 
with the postcholecystectomy syndrome. Stones 
in the common duct frequently account for 
the sphincteric spasm.—S. G. Henderson. 


GENITOURINARY SYSTEM 


Foorp, Arvin G., and Ferrier, A. 
Primary carcinoma of the ureter. 7. 4m. M. 
Ass., Feb. 18, 1939, 772, 596-601. 


Figures given by the authors suggest that 
about I per cent of carcinoma of the upper part 
of the urinary tract originates in the ureter. In 
the past eight years 89 cases have been re- 
ported, as against so in all previous records. 
The youngest patient was twenty-two and the 
oldest eighty-nine. The basic triad of symptoms 
is hematuria, pain and mass. Hematuria was 
noted in 97, or 70 per cent, of the 139 cases. 
Pain is next in point of frequency. It occurred 
in 60 per cent of the cases. It is most commonly 
a dull ache in the region of the kidney. The 
tumor palpated is nearly always the hydro- 
nephrotic kidney. In the urine red blood cells 
and pus are generally present. On the flat 
roentgenogram an enlarged renal mass is often 
distinguishable. Metastases in the lungs and 
bones should be looked for. Cystoscopic exami- 
nation should be done while the bleeding is in 
progress, as a leading point is won by visualiz- 
ing the bleeding meatus. With a great propor- 
tion of ureteral tumors there is a complete 
block, and no catheter or bougie will pass 
beyond the tumor. Excretory urograms usually 
show no dye in the affected side. Serial pyelo- 
grams after Moore’s method are desirable to 
show constant filling defects. Clots may cause a 
false filling defect. The form of filling defect 
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may be (1) a ringlike obstruction, narrow or 
wide, (2) a single pedunculated or sessile mass 
or (3) a ragged, moth-eaten condition from 
papillary involvement, which may extend the 
whole length of the ureter. The only pathog- 
nomonic sign of primary ureteral tumor is a 
characteristic and constant filling defect, to- 
gether with a pyelogram excluding renal neo- 
plasm. In the cases so far reported, the lower 
end of the ureter has been by far the commonest 
place for the tumor to appear. The tumors 
closely resembled those in the bladder, and, of 
the 139 reported, 75 were papillary, 60 were 
some type of solid, nonpapillary tumor, 3 were 
reported as adenocarcinoma and I was un- 
classified. All authorities agree that the treat- 
ment of choice is early surgical extirpation, 
which means nephrectomy and ureterectomy. 
If a certain diagnosis has been reached, pre- 
operative roentgen treatment is justified. In 
general, the early and the late prognosis are 
very unfavorable. To date, 3 eight-year cures 
have been reported.—S. G. Henderson. 


Katzen, Perry, Conen, Henry, and STEINER, 
MatrHew M. Rhabdomyosarcoma of the 
prostate. dm. F. Dis. Child., Aug., 1938, 
50, 321-335. 


Sarcoma of the prostate is uncommon. The 
total number of authentic cases reported is 152. 
Persons of any age may be affected. The young- 
est patient with this condition was an infant of 
four months; the oldest, a man of eighty-eight 
years. However, the highest incidence is re- 
ported during the first decade of life in which 
approximately 25 per cent of cases occurred. 

Zarly in the disease, frequency of urination, 
urgency and dysuria occur; later, complete re- 
tention commonly ensues. Hematuria is not 
often observed. There may be fever due to 
pyelonephritis, which is a frequent complica- 
tion. As a terminal event, uremia may super- 
vene. 

Compression of the rectum, which is present 
in some degree in practically every case, pro- 
duces difficulty in defecation. Rectal bleeding 
occurs when the tumor ulcerates into the wall of 
the rectum. Edema of the legs and scrotum 
may develop as a result of pressure on the veins 
of the pelvis. Pains in the legs may occur from 
pressure on the nerve trunks. When the growth 
is advanced, the tumor may appear as a large 
abdominal mass arising from the pelvis or as a 
mass in the perineum. At this stage there is 
usually marked cachexia. The disease runs a 
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rapid course, with invariably a fatal termina- 
tion, the average duration of life after the onset 
of symptoms being about nine months. In 
children the tumor seems to be more malignant 
than in adults. The diagnosis is rarely made 
before operation or autopsy. Excretory urog- 
raphy is of distinct diagnostic value; in infants, 
in whom intravenous injection may be difficult, 
the urographic medium may be injected sub- 
cutaneously, as described by Beer and Theo- 
dore. 

The authors report the case of a boy two and 
a half years old. On rectal examination a mass, 
large, smooth, hard and globular, was felt 
bulging into the anterior wall of the rectum to 
such a degree as to almost obliterate its lumen. 
The mass occupied most of the pelvic cavity 
but was somewhat more extensive on the right 
and it gave the impression of arising from the 
prostate. The rectal wall itself was intact. A 
roentgenogram of the urinary tract revealed 
that the left kidney was of normal size and the 
right was enlarged. The examination of the 
chest showed no abnormal findings. Excretory 
urography showed poor function of the right 
kidney with widened and dilated calyces and 
pelvis. The left kidney functioned well and its 
calyces and pelvis were of normal outline; the 
left ureter was markedly displaced to the left 
in its lower two-thirds. The bladder was dis- 
tended and displaced upward. The preoperative 
diagnosis was sarcoma of the prostate. At 
autopsy the anatomic diagnosis was rhabdo- 
myosarcoma of the prostate, with extension 
into the bladder, urethra and seminal vesicles; 
compression of the prostatic urethra and of the 
rectum; distention of the bladder; perinephritis 
and pyelonephritis (right) and hydrothorax 
(right). 

The authors suggest the origin of rhabdomyo- 
sarcoma of the prostate from striated muscle 


fibers which are normally present in the gland. 
—R. S. Bromer. 


SKELETAL SYSTEM 


THANNHAUSER, S. J., and MAGENDANTZ, 
Heinz. The different clinical groups of 
xanthomatous diseases. Ann. Int. Med., 
March, 1938, 77, 1662-1746. 


Generally, essential xanthomatosis is con- 
sidered to be due to a disturbance in metabo- 
lism of cholesterol and cholesterol esters. The 
authors have undertaken the task of studying 
whether the derangement is concerned with 
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intermediary phases of the metabolic process 
or whether it lies in the xanthoma cell itself 
(the foam cell). They express the opinion that 
essential xanthomatosis is a cellular disease of 
recticulum cells caused by an intracellular dis- 
order of their cholesterol metabolism. 

It has been shown that the sterol nucleus 
can be synthesized in men but destruction of 
the molecule within the body has not yet been 
proven. Only animal sterols can be absorbed. 
They are assimilated through the intestinal 
wall and can be excreted by the same route 
and reabsorbed. They accompany neutral fat 
wherever it goes. When excessive amounts ac- 
cumulate in the blood, certain cells appear in 
various organs; these engulf the cholesterol 
and appear as “foam cells” or “xanthoma 
cells,” but they may give up some of the choles- 
terol from time to time, leaving a granulom- 
atous tissue consisting of giant cells, lympho- 
cytes and connective tissue. 

Deposits of this sort may occur in the tissues 
of the extremities; there, especially in the ten- 
dons of the hands and feet, they may simulate 

“gout.” In the skin, especially about the 
elbows, nodular elevations may be produced, 
these are called ‘“‘xanthoma tuberosa.” Histolo- 
gical study of them shows “Touton giant cells” 
(foam cells with one or two nuclei), as are also 
found in xanthoma disseminata. Such condi- 
tions are entirely independent of xanthoma 
diabeticorum, the latter being secondary 
xanthomatosis, a sequel to severe diabetes 
mellitus, with lipemia, hypercholesteremia, 
and transiently appearing papulopustular erup- 
tions (which itch). Hypercholesterolemia (due 
to increase in the esters) may be found in 
xanthoma tuberosa, plana and tendon sheath 
xanthomata and may be combined with endo- 
cardial and vascular xanthoma as well as with 
hepatic and pancreatic disease; on the other 
hand, normal blood cholesterol values may be 
found: in xanthoma disseminata, xanthoma of 
the bones and lungs, xanthoma of the brain 
and diabetes insipidus. Another dyscrasia is 
“forme fruste’”—characterized by hypercholes- 
teremia, xanthosis and carotinemia, associated 
with fatigability and inclination to mild dia- 
betes. This condition is frequently considered 
hypothyroidism. 

The author believes that Hand-Schiiller- 
Christian’s syndrome is not a separate clinical 
entity but simply xanthoma disseminata with 
lesions in the bones, lungs and elsewhere. There 
have been no well substantiated cases of this 
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syndrome in conjunction with tendon xantho- 
mata or xanthoma plana. 

Twenty-two cases are discussed, illustrating 
the various distributions of xanthomatous 
lesions. On the basis of these studies and reports 
in the literature, the authors consider that there 
are two clinical groups of primary xanthoma- 
tosis. One of the cases appears to be character- 
ized by: (1) xanthomata plana and tuberosa; 
(2) tendon and tendon sheath xanthomata; 
(3) xanthomatous involvement of the wall of 
the bile duct with xanthomatous biliary cirrho- 
sis; (4) xanthomatosis of the wall of the blood 
vessels and endocardium; (5) high values of 
total cholesterol in the serum, increased frac- 
tion of lecithin and cephalin; increased fat; 
(6) eruptive form of skin xanthomata; (7) 
xanthoma cell nests in the spleen, lymph nodes 
and liver. The other clinical groups may be 
featured by: (1) xanthomata disseminata of 
the skin, mouth and larynx; (2) xanthomatous 
involvement of the pituitary and tuber cine- 
reum with features of diabetes insipidus, xantho- 
mata in the brain and medulla; (3) xanthom- 
atous nodules on the dura and orbit; (4) 
osseous xanthomata; (5) xanthomatous in- 
volvement of the lung and pleura with conse- 
quent fibrosis; (6) normal or high normal total 
serum cholesterol with normal lecithin and 
cephalin; normal fat; (7) scattered nests of 
xanthoma cells in spleen, lymph nodes and 
liver (also present in first group). Thus one 
group is “hypercholesteremic”; the other, 
“‘normocholesteremic”—but the underlying 
disease in either case is “essential xanthoma- 
tosis.” 

For the hypercholesteremic group, the author 
recommends a cholesterol and fat-poor diet 
(containing only plant sterols—which are un- 
absorbed). For either group he recommends 
thyroidin, one grain daily. For the bone lesions 
he suggests roentgen therapy but he says that 
the skin and tendon lesions are not benefited 
by it.—A. A. de Lorimier. 


Wooparp, HeEten Q., and 
Norman L. The correlation between serum 
phosphatase and roentgenographic type in 
bone disease. 4m. F. Cancer, Oct., 1937, 37; 
221-237. 


, the authors studied the alkaline 
phosphatase in various groups: normals, malig- 
nant tumors (with and without bone lesions), 
abnormal osseous metabolic states, benign and 
malignant tumors of bone. 


Previously 


These studies in- 


‘ 
~ 
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dicated that serum phosphatase serves as an 
index of osseous anabolic activity (regardless 
of whether or not there be actual bone con- 
struction). 

The present study concerns 203 such cases 
studied at Memorial Hospital. Among the 
normal group (between ages of twenty-four to 
thirty-six), the serum phosphatase varied from 
1.7 to 5.0. Females seemed to show lower 
values. Among the osteitis deformans groups, 
they varied from 6.4 to 103 units (the highest 
being found in cases showing the greatest 
amount of change). The serum calcium and 
inorganic phosphorus values averaged 10.4 and 
3-77 mg. per 100 cc. respectively. Serum phos- 
phatase values were essentially normal or only 
slightly elevated among the benign bone tumors 
and allied bone lesion cases: chondromas, giant 
cell tumors, osteomyelitis, multiple cartilagi- 
nous exostoses, periostitis, solitary bone cysts, 
tuberculosis, adamantinoma, leontiasis ossium, 
myositis ossificans, acromegaly and heman- 
gioma of bone. Among the malignant tumors 
metastatic to or invading bone, it was found 
that the phosphatase was elevated in cases of 
osteoplastic change and normal in cases of 
osteolytic. Cases of normal healing of fractures 
showed elevated values and those with patho- 
logical fractures showed values in excess of 
those otherwise expected. Lower than normal 
values were found only in the cases of plasma 
cell myelomas. Other malignant bone tumors 
showed values within normal limits though 27 
of the 56 showed definite elevation. 

These and the previous studies have led the 
authors to conclude that when an elevated 
serum phosphatase is found with an osteo- 
blastic lesion, or a normal with an osteolytic 
lesion, the analyses simply serve to support the 
roentgenographic findings. A normal serum 
phosphatase associated with an osteoplastic 
lesion would indicate a slow-growing process 
(relatively benign); conversely, a high serum 
phosphatase with an osteolytic lesion might in- 
dicate: (1) hyperparathyroidism (which should 
also show high blood calcium and inorganic 
phosphorus values); (2) osteoplastic disease 
elsewhere in the body; (3) metastases, from an 
endothelioma or carcinoma—‘which raise the 
serum phosphatase but for some unknown 
reason do not form new bone”; (4) an early, 
highly malignant osteogenic sarcoma. Follow- 
up studies after treatment of cases which 
initially showed high phosphatase value and 
which later showed normal values may reveal! 


recurrent elevations of phosphatase and thereby 
suggest recurrent activities of the primary or 
metastatic activities. In general, a normal phos- 
phatase value does not negate the presence of 
bone disease but the presence of a persistently 
elevated serum phosphatase in a patient who 
is not jaundiced and who is not under treatment 
with Coley’s toxins is a very strong indication 
that bone disease is present.—/. 4. de Lorimier. 


Sprunt, THomas P. Hyperparathyroidism 
with rather rapid recalcification of bone fol- 
lowing the removal of an adenoma. Ann. Int. 
Med., July, 1938, 72, 121-127. 


This case presentation is introduced by 
several basic notations as to utilizations of 
calcium; its absorption by way of the alimen- 
tary tract; the stimulus to absorption provided 
by vitamin D; the storage in the skeleton; the 
depletion of storage by activities of the para- 
thyroid glands; the progressive stages of de- 
mineralization—fibrous changes, ‘‘osteochlas- 
toma” developments (cysts and. giant cell 
tumors); fractures; the physiological effects of 
hypercalcemia and hypophosphatemia—mus- 
cular hypotonia, relaxation of joints, flat feet, 
lassitude, fatigability, malaise; the physiologi- 
cal and pathological effects of hypercalcinuria 
—polyuria, lithic formations, secondary infec- 
tions, renal parenchymal degenerations. 

The case presented was a woman aged fifty- 
four when first studied. The author believes 
that her endocrine disorder began while nursing 
her second child (sixteen years previously) for 
at that time she had suffered an attack which 
was considered tetany; calcium has been ad- 
ministered with success. She had some slight 
depression after artificial menopause (effected 
by roentgen therapy—nine years previously). 
The progressive trend of symptoms had been 
noted for a few years previous to the studies: 
increasing fatigability, lassitude, achings of 
hips, legs and knees; two fractures of the fore- 
arms, etc. Physical examination was essentially 
negative except for dryness of the skin, a promi- 
nent isthmus and a nodular right lobe of the 
thyroid. Roentgenography revealed evidence 
of slight deossification in the spine and pelvic 
bones. The B.M.R. was minus 17. The blood 
calcium was 11.6 mg. per cent; inorganic phos- 
phorus, 3.8 mg. 

The diagnosis, hyperparathyroidism, was not 
established at that time nor when the patient 
was again studied, two months later, for even 
then the biochemical studies were not striking. 
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However, after another six months the deos- 
sification was conspicuous; there were cystic- 
like areas in the bones of the extremities. The 
blood calcium was 13.7 mg. per cent; the inor- 
ganic phosphorus aeaen to 2.7. The urine was of 
low specific gravity, there being a polyuria of 

2 liters per day and the phenolsulphonephtha- 
lein test showed only 35 per cent excretion-in 
two hours. Surgical exploration revealed a 2 cm. 
nodular tumor mass loosely adherent to the 
lower pole of the left lobe of the thyroid. Fol- 
lowing its removal the blood calcium i 
rapidly; on the evening of the operative day, i 
was 12.8 mg. per cent; the next day, ie 
Calcium chloride was administered for the fol- 
lowing week and four days after discontinuing 
it, tetany developed, with a blood calcium of 
7.9 mg. per cent. This was treated with calcium 
gluconate and calcium chloride plus vitamin D. 
Subsequent studies showed definite reossifica- 
tions.— A. A. de Lorimier. 


GuTMAN, ALEXANDER B., and Parsons, W. 
Barc.ay. Hyperparathyroidism simulating 
or associated with Paget’s disease. Ann. Int. 
Med., July, 1938, 72, 13-31. 


Three cases are presented which showed 
clinical features of hyperparathyroidism. One 
showed definitely elevated blood calcium 
values; the other two, slightly elevated calcium 
and all showed relatively low inorganic phos- 
phorus. The phosphatase was high in two. 
Analyses of the excretions indicated a negative 
calcium balance in all three. Surgical explora- 
tions revealed adenomata of the parathyroids 
in each. The author is confused because of 
roentgenographic findings of osseous changes 
characteristic of osteitis deformans. These 
changes were found in the pelvis, the skull, 
tibiae and other bones. In one of the cases, 
typical changes of osteitis deformans became 
more conspicuous after ablation of the para- 
thyroid tumor. Regardless, the author con- 
siders them “‘atypical manifestations of hyper- 
parathyroidism.” He leans on the explanation 
given by Albright, Aub and Bauer: “If the 
unknown factor stimulating osteoclastic ac- 
tivity in Paget’s disease is present in a patient 
in subthreshold degree, superimposed hyper- 
parathyroidism, with its generalized stimulus 
to osteoclastic activity, may make the under- 
lying disease become manifest.”"—A4. A. de 
Lorimier. 
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SHAnnon, W. Ray. Tetany syndrome in new- 
born infants; remote deposit of calcium salts 
following injection of calcium gluconate. 4m. 
J. Dis. Child., Nov., 1938, 56, 1046-1054. 


Shannon states the local precipitation of 
calcium salts following intramuscular injection 
of calcium gluconate during treatments of 
tetany in newborn infants has been reported 
several times. He has seen no paper, however, 
which mentions the occurrence of abnormal de- 
posits within the body at a place remote from 
the original site of injection. He reports 2 cases 
in which this phenomenon was observed. 

In the 2 cases which he presents calcium salts 
were precipitated not only at the site of local 
injection of calcium gluconate but at remote 
points in the body. Resorption occurred even- 
tually, without known permanent damage. If 
this can occur, he thinks, there is no reason to 
suppose that it could not develop as well after 
the intravenous or even the oral administration 
of calcium. Such a possibility cannot fail to 
create a feeling of uncertainty as to the safest 
course to be followed in treatment for tetany 
of the newborn. He makes the suggestion that, 
at least for the patients with low calcium values 
perhaps parathyroid extract offers the greatest 
theoretic security against the development of 
this complication. 

The paper is illustrated with roentgenograms 
showing the deposits in various portions of the 
body.—R. S. Bromer. 


Sontac, L. W. Phosphorus poisoning in an in- 
fant resulting from an antirachitic prepara- 
tion. 4m. F. Dis. Child., July, 1938, 56, 
114-118. 


Sontag reports a case of phosphorus poison- 
ing in an infant in which clinical as well as 
roentgen changes resulted from large doses of a 
preparation of cod liver oil and phosphorus. He 
believes that sun baths and excessive vitamin 
D intake increased the toxicity of the phos- 
phorus. Roentgenograms taken at the age of 
six months showed broad bars on bands in the 
ends of the diaphyses of all the long bones. 
These bands were of the type usually associated 
with heavy metal poisoning. The zones of 
temporary calcification were also markedly 


thickened and unusually dense. At the age of 
nine months the zones of temporary calcifica- 
tion were approximately normal but there ap- 
peared also a second heavy band, even thicker 


than the first in the ends of the diaphyses. Sub- 
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sequent roentgenograms showed this dense line 
in the pelvic, metacarpal and metatarsal bones 
and in the nuclei of the tarsal bones.—R. 8S. 
Bromer. 


Loepp, W. Die Ewing-Tumoren. (Ewing’s 
tumor.) Fortschr. a. d. Geb. d. Rontgenstrahlen, 
Nov., 1938, 58, 420-440. 


In 1921 Ewing described a group of bone 
sarcomas which were differentiated from the 
usual osteogenic sarcoma by their clinical 
symptoms, a characteristic roentgen appear- 
ance, and their high radiosensitivity. While 
much has been written about such tumors in 
America, they have apparently been very rare 
in Germany if one can judge by the reports in 
the literature. The differential diagnosis from 
chronic osteomyelitis and osteogenic sarcoma 
may be very difficult not only from the clinical 
findings but also from the roentgen examina- 
tion. Tuberculosis, syphilis, osteitis deformans, 
and the bone changes of leukemia are also to be 
considered in the differential diagnosis. Three 
types of Ewing’s tumors are described. In the 
first there is periosteal proliferation giving an 
onion skin appearance with rarefaction and 
destruction in the medullary portion of the 
bone. In the second group a large area of 
diaphysis both cortex and medulla appears to 
be “‘rubbed out.” A third group shows chiefly 
periosteal overgrowth with minimal changes in 
the bone itself. This histological appearance is 
variable and there is no agreement as to the 
origin of the cells. 

The author presents 3 cases in detail which 
show certain features of Ewing’s tumor, al- 
though that diagnosis had not been considered 
at first. However, 2 of the cases exhibited no 
response to roentgen treatment and the third 
was not treated. On the other hand, a case of 
osteogenic sarcoma is described where there 


was complete regression under roentgen treat- 
ment with no recurrence during the three 
year observation period; and in a second case 
where the diagnosis was probably a subacute 
osteomyelitis, although some features suggested 
Ewing’s tumor, there was also regression of the 
lesion under roentgen therapy. Thus the author 
believes that radiosensitivity is not a helpful 
guide to the diagnosis of Ewing’s tumor. 
W. A. Evans, Fr. 


BLOOD AND LYMPH SYSTEM 


Birp, Ciarence E. The use in arteriography 
of substitutes for colloidal thorium dioxide. 
F. Am. M. Ass., 1937, 109, 1626-1628. 


Two cases are presented in which roentgeno- 
graphic visualization of the arteries and veins 
in the region of arteriovenous fistulas was ob- 
tained by the use of diodrast, one of the iodine- 
containing solutions manufactured primarily 
to be used in excretory urography. Diodrast in 
the amount of Io cc. is injected, followed im- 
mediately by roentgenography. Because of the 
possibility that the injection of radioactive 
thorium dioxide solution may cause late toxic 
symptoms, colloidal thorium dioxide (thoro- 
trast) has not been used in the author’s hospital 
except for experiments on animals. Diodrast, 
neoskiodan, uroselectan and similar prepara- 
tions made for excretory urography are non- 
toxic in the doses used and are quick!y excreted 
from the body. They do not damage the intima 
of the vessels and do not cause pain on intra- 
vascular injection (as does sodium iodide). The 
density of the shadow cast by diodrast and 
similar iodine-containing solutions when uti- 
lized for arteriography is not quite so striking 
as with colloidal thorium dioxide. However, the 
visualization is entirely satisfactory.—S. G. 
Henderson. 


